Paleontology - Theropod Dinosaurs And The Origin Of Birds 


Content: 
ridge [rod Ce) | eeeeee eee ee 5 
Bird Anatomy .......ccttceseeeeeeeen i esses seeeneeieeeeeeneeeeeeenenene eevee nena seen eeeeeeenennaeeeeseaeeeneeeae senna 7 
1 Link Between Birds And DinOSauls ........:..cceseeenceeeeeeenctcenesenneneeceeseeeennnneeeeeesncncneeeseeeeencaeeeeeeeeae 7 
1.1 Origin Of Species ........:c einen nln nnn nnn 7 
1.2 Theory Of Evolution ......:c:.ccceeceeeeeeeeeeeeeeeeeaneeeeaeeeeeeeeeaaeceeneeeaaa cena eeaea se anaseaue ee anaeseoeseaeaaeaneeeaeeaseeeaeaes 8 
1.3 The Missing Link .........:c00.e einen nn enn nnn nnn eee 8 
1.4 ArchaeopteryX and COMPSOGKatUS waceesceeeseccenceeeeeeeeeeeeeseeeeeene ee seeeeeee ene eeeee eee eeee eee 10 
2 Bird Anatomy ........::.:eeeeeenttnnnenrennnniiieeeeeesen eee eee eens eee eee 10 
2.1 PMEUMATIZATION.. .2...02ececeeeecee ee ceeeeeeeea seen eeeee ee eeaeeeee ee eeaa seen eee eea nese seeeaeee ae eeeeaee ae eeeseae ae eeeeeaee ee eeeeaee 11 
2.2 Unfused Vertebrae......ccsccccccceeeeeeeenaeeeeseeeneeeceaa senna ceaeeeeeaaseaea sees ee aeeaeeee se gesaeeee aa eeeea eee eeseaeee ae eee 12 
2.3 FUP CUM a visi sicescanssecascssacctsasceceisccceaecssdcecnscdececdecacdcasedudodud dn endudsnsansdacaadaeususdasedscsaseuansesadddnenscanas sands us 12 
2.4 Bird LeQS.. 2c... : nee ein nn nner nnn nnn eee 14 
2.5 Bird Phalangeal Formiula.........::c:es00 eee eee ners e neni 15 
2.6 PUbiS DireCtiOn .......cs:scceeeeeeeeeceeeeeeeen seen eenee suena eeeeeeeeeaa sees seeeeaseeaeeeeeasee ae seesaaee ae seeseaaasegeeeeaaaseaeaeeaaeees 16 
Survey Of Non-Avian Theropods ........:::: esse 17 
1 TriaSSic TherOpodS .....cccccessceeeeeeeeesncccceeeesnannaeeeeaeseeenaaaaeeeeeeeeesaaeaeeeesnaaaaeeeeaeeeeenaaaaeeeeeeseeseoaaeeeeenaaaanans 17 
1.1 Intramandibular JOIN... ....:.ccccceceeeeeeeeeeeeae ee ceeeeeeeceaeeeeeaa eee eeeae essa eeee see saeeee eee seen ee eens eee 18 
1.2 Extinction Bemefits.........::cccecscceeeeeeeeeeeneeeeae seen eeeeeseeeaeeeeeeseeaueeaeeeeeaseeaeeeseaeeaeseeseasasegeeeeasaseaeaesaaeees 19 
2 Jurassic TherOpods........cccssscceceeeesncccceeesseaenncceeeeseeenaneaeeeeeeseeseeeeaeseeenaaaaeeeeaeseesaaaaaeeeseeseeseoneaeeeeenaaaaeans 19 
2.1 DilophOSauridd Crests.........ccececeseeeeeeeeeceeeeeeee seen eeeee suena eeeeeeeeea sees seeeaaeeeegaeesaaeeegaeeseaaeeaeeeeeaaaseaeaeeaeenes 21 
2.2 NOSC HOPS uu. ccceceeseceeeececuseeunece cece gene ee cngea gee gguaggaae ge eegaegee sega eaeee eee eaae ee eee eee cee eee eee 22 
2.3 Apex Predator Hands.........ccccccceeecenececeeeeeeenceceaeeeaneeeeaseeaesaeeaeeaesneseaaaceseeseaaaseanaseauaseasaesaeasseaeeesnanee 2 
3 Cretaceous Theropods .....csssseee eee eens 25 
3.1 Spinosauridae Adaptations .......c.sceceeceeeeeeeeeeeeeeseeeaneeeeeaeeaeeeeaaee cea seaeaaseaaeseeaaceaeeeaeasseeeaeaeaeeeeeaeeenaas 27 
3.2 Ancient Continents .......200cccceeeceeaeeee ee ceee sees cece sea eee aa eeeea seen ee eeaeeee ne eeeeeeee nesses eee eee eee eee 28 
3.3 Closely Related To Birds ....ccccscecesceeeneeeeeeeeceeneeeneeceseeeeaaeeneeeaaeeeanasenee se aeaseooeseaeesaneseaeeaeeeaeeeanaeenooss 29 
COeCIUrOSAUIS ..eeieseeeeetttten seen eee 31 
1 Early COeClUurOSaurr ...ssccsseeeesnteceeeeeensenncccceeeeennneaeeeeeeeeeseeeeaeeeeenaaaaeeeaeeeeeecaaaeeeeeeeeeseeeaeeeeensasseeeeieeenia 31 
1.1 Coelurosaur Adaptations. ......cccecesceeenceeeeeeeceeneeeseeceeeeeeaaaseaeaeeaeeeeaeaeeeee se aeaeeoee suena sane seaeeaeeeaeeeaeaeenaos 31 
1.2 Com psognathidae Menu .......0: set. seen een nnn nnn nnn 32 
1.3 TYFAMMOSAULSS occ ss cececeeeee cece eee eeceeee seen cece eee seen aeeeeeea geen eee eee ee angen eae eeee ge eee ee aes ane eee 33 
2 TherOpOd GigantisSM .......ccssseceeseeeescccceeeeesessnnccccaeeesenanaaeeeeeeseeseeeaeeeeenaaaaeeeeaeseeeaaaaaeeeeeeseesegaaeeeeenaaaaeaes 35 
2.1 Tyrannosaur Tooth FUNCTION ........cccececeeeeeeeeeeeea sees ceeeeaeeee ce eeseaa ee eeeeaaee ena esnee ee aeaeseee ee aeea sees ee aeea seen 36 
2.2 Sard Traits cies sa nece cette ee es cccte ce eceeen aducev cndesteacesatchvce nde seevecccauSesewsydencecttes acu sustoateee duced costs cvevecesedsst4O. 
2.3 Theropod Bird Traits ......:..ccccccceeeeeeeaeeeeeeeeeeseeeea sees seeeeas ee eeseaa sega eeaa ee ceaaesaeaeceaa seen cena sees ee eeeeee es 43 
2.4 Modern Alvarezsauridae AnalogS........c:0sc: cece ee eeeeenne nnn ee 43 
3 Bird-Like Traits In CoeCluroSaulS........:cccseeeesseeaeeeeeeeeeseeccieeeeensaannccceeeeenasaaeeeeeeseeseeeneeeeeensaeseenenenn 44 
3.1 Modern Oviraptor AnaloGS ........0s sence 44 
3.2 Modern Bird Traits .......c0:scceescceeeeeeneeceeneeeeneeeeeaeeeeeseeeaeeeeeeeeeaseeaeseeeaeesaeseeeaesaeeeeseaaaeegeeeagaaeeaeaesaaeees 46 
3.3 Use Of The FUurculla....ccccccccecceeeeeeeeeeeececeeeneeeceaaesensceaeeeeeaaseeea sees se aeea sees ge aesaeeeeaasesea eee aaseseaeeeaeeeseaeeeaee 47 
3.4 Function Of Feather s.........cccsccseeseeeeeeceeeeeeeeeeeeaeeeee suena eeeeseeeea sees seeesaeeeegaeesaeeegaeeseaeeaneeeeasaseaeaeeaeees 48 
3.5 Arm / Hand Configuration ..........::00 enn enn nnn 49 
3.6 The Dinosaur RENaiSSANCE .......ceeeeeeeeeeeeeeeeeeeeeea eee eeeeeeneee oe eeeeeaaa ce seeeeaee se geaseaee ee anaeseeeseaeeaeaneeeaeeaeeeeaas 50 
3.7 Breaking Dinosaur Misconceptions ..........::c00 seen ennnne 51 
3.8 Combining Metabolic Types ......c.sceccececceeeeceeneeeaeeceseeeeaaeeeanaseaneeeanaeeeneseaeaa sane seaeeaseeeaeaesaeeesaaeeseeeeee ee DD 
3.9 Erect POStUIre .....cccccseecnceeneeceeeceeeaeeueeecneeaseeeauageaaa ge segaggee se aegeagaeae gue gage ge sesaggee se aeeeageeaageegseasgesnseesaeees 53 
3.10 Arctic Reptiles... .0..cceececeeseeee se ceeeeeeeeseeeea seen seeeea sees ggeeeaaa sega seseaa se aeaaeeaa ee seaassaeae cena eseee se aeaa seen ee aeeaeeeeaes 53 
3.11 Feathers and Endothermy .......20::ceeeceeneeseeeeecee sees cn eeeeaeeeaaeeseaseeaeeaeea sees gaeeseaaeeaaeeseaaeeaeaaesaaeeaeaaesenees 54 
3.12 Feather Features.......1:sccccseeesseceeeeeeeeeceeeaeeneee ceca sees aaceeas eee aaseseaseeaeseeeaseeaeseseaaeeaeseeseasesegeeeeaaaseaeaeeasenes 55 


Paleontology - Theropod Dinosaurs And The Origin Of Birds 
4 Bird-Like Characteristics ......ccsscccssssoeessccccscccesscceesseneeseacccnenccoeeen eens nnnnenesseeeescnies 9D 


4.1 Feather, ...cecccseeeeeeeeeeeceeeee ee eeeeeg ee oncceeee cena geese ecg eee nee eee eee nen eee 55 
4.1.1 Stage tl vissaiie tec iciauinean saa nc ait ade Seana dev ts naehnns aa Votan suantba sta ddacaats eaas poasanea ans wn DD 
4.1.2 Stage 2... 
4.1.3 Stage 3... 
4.1.4 Stage 4... oe 
4.1.5 STAGES iccecscrsecccsadeensevaasdevansstovernaccses ae are Cit arebateatiitatattaucnsties tire ice tanutdkeh wecttnuebcece ery 

4.2 Greek Roots... eet nnn inn nnn enn 57 

4.3 Bird Intelligence .........:ecees sneer niin nnnnnn nnn eee eee eee nee 58 

4.4 Troodor’s Large EYeS......c seinen nner 59 
4.4.1 GIIGUING s ccicsccsaste cect etecnne petecucnces we anbetivetiuadaecte a Bencents taatectecareaises Wetuthtetventie ze 60 
4.4.2 Specialized Tree-Dwelllers oo... 
4.4.3 Wing-Assisted Incline Running (WAIR).... 
4.4.4 Bat PliQ hts scissesaccecustttavectoadtiecie ccna cctvenretiioaee = 
4.4.5 Dromaeosaurid And Troodontid Ancestor... sats ans habe cael sindienubeehtantadece'etnasa dadoi dubs Sis +62 

4.5 PLCFOSAUM ws cccceceeeeeeesecueueuee ce eeeea susan seeeauegeseseuaaaceseeeeaaseeeaaseueegeaageeesageeeseeeaaeeeeauecuaseaeaseesesuecgeueanseenaas 63 


TG: AV ial WON scsisdciticicaecactdesistceeaevenvetdueicuesacanivesstasaiacadevsacetsssvabcesadevacdaicubannnsatdestesstvensassseudcusissdedssersvess OD. 


1 Understanding The Evolution Of Birds ......sccccsssssttssceeeeenseeseccceeseeensssaeeeeeeseeseccsoeeseensesseeesieeesnssses OD 


1.1 TherOpOd Beak .....cecececceeeeceeeeeeeceeneeeaeeceseeeeaaa cena seaeeseanasseeaaceaeeeeeaaseeeasanaeseaeasaeenseaeaeeeoeseanaaeeaeeeenoas 
1.2 Confuciusornis Plumage 
1.3 Bi Teal Son i svaisuiis fcavcavtededsGulsdestnes cuatsd cusdensndsuucvad cudasecseuecaiisceus suaeussccdsuswsecctusd csaveveeass tursaedatsedessnedeveces 
1.4 Loss Of Flight......cc:cccseeeeeeeeeeeeeeeennnrccenen eee eens enna eee eee eee eee nee 
1.5 Tail Length Reduction...........:.:000 neti nnn nnn 
1.6 Why Did Birds Survive? ......1..ccseccceeeeeeeeeceeeeeeee ee aeea sense aeea sees aa ceca seen sesea see aeseeeaeeeaeeaeeaaes ae eeeseaasseneeees 68 


2 Survival Of The Ne@ornithess ......:.ccssssscssccnssecseconsneeeneonsseeenseneseesnaenseenenagsnseennagssusonnsseneanssnsenasnzsessnsnsss OO 


2.1 Molecular: Clock ai ivice oi 2 ccci visa ieee Sense Sedaceceteas cee cite nn cevewuasceidenceceusvecesedeanen cde sccnce cusdedscceccaascsseusacsscesd suas cad 
2.2 Avoiding Predation .......:0.0:. eee enn ernie 
2.3 Moa And Elephant BirdS......:c.sceceececeeeeeeeeeeeeceeeaneeeeaaeeeeeeeneeeceageeonaaceaeeeeeaaseeeaeeeaeseaeaeeeoeseesaaeesaeeesoae 
2.4 DUCKS oi soca eoe Sees tee sccete clea te ceic cena tes saeco oe Sa Roadie sade atea eelga a oe cau avinee sd anu ca Sy ds debeueawSewsdeaueaTstese eu avec cudevessstes 
2.5 Galliformes Adaptations 
2.6 NGQOAVGS wiaisctrnths cesectuwsscaaden ca tueewaseescacenvadsweteducandduedantetGuiea lewawaueddnunsasdescusedeudydusuustsenutedtusdsuedevvcasess 
2.7 The Smallest DinOS QU i iitescee5 cs sche sese se ecees ced ce deceheteesweasete dcawdcen can ceeedbosdedsccetedaecessdeveceicdevcendeusscnsceezea’ 
2.8 PASSGFCS voi cases tis iedecasddenavcsieddssevuayavcue den dusdeuvedacusustucuededincsseu suausddunnGesedvuuseussdsue cdaiusstetwucuuacedcscsausenss 
2.8.1 Opisthocomidae......eesee 
2.8.2 Cursorimorphae Feet... 
2.8.2.1  SandpiperS.......... 

218.2:2)  “PUPTING Heisirenienessiceeionideeew tee 

2.9 Detriment To Swimming 
2.9.1 AQU@OINItHES. eee eseeeeeseeeee teen eneeeeene 
2.9.1.1. Gular Pouches... 

2.9.1.2 Loon Feet.......... 

2.9.2 Accipitriformes...... 
2.9.2.1 Vulture Senses...... 

2.9.2.2 | Woodpecker Food. 

2.9.3 PicifOrMES ......sccceeeee ao 
2.9.4 Gar AMFOPIMSS cee 2 wah cats et os eh eens ah tee Nisa ee ag sade Moan Ghee SAR caceubaitncn Taube Its bedea Seance ceabncctnvaa ne SEA doashd Stas Sb adoch tease tence 
29.4.1. SEri@mMasi Adaptations sr, ciciivsiccscoesse saan seseascaans doean cea coensivesea cuban ceguvssdeasesbaidvaned cued dntuechaseci'sagouse'sav und cospase to salah te cu'pnasithasionsa sehen 

2.9.5 Phorusthacidae.....sssseceecceee 
2.9.6 Falconidae......... 
2.9.7 Psittaciformes ... cs 
2.9.8 PASSER IF OIIOS sce sacs 2s fos vsnasraaase dias occ aes al sabe Ste navies os vou ne a'cs vac cuss too aesiur ea Sau ceteush Gn dsutce sueulottadaltvbadse flan actsteu ni covet vend aatouiavectstena tele itiee 
2.10 Dominant. Land Animals: sccecciiccccieecccsccesetezccecaees ceeeten sass caucasacaseceducvuedscceaeasswaszesdecssecsvccdscudetavecszesy 


APPCINixX viscccsttteeeeesenneneeeeeeeeeennncneeeeeeeeesconaaeseeengaaaeeesaeseeeegaaaeseeeeseeseaaaaeseesngaaanaeeaeeeseaaaaaneeeeeseeseoanseesnasaasisiiess OS 


1 LiSt: OF TNUStLAtiON Sescinesscsvccstisssncs secvecsteasccensvssancetdcsshvecssanssrasauusersiedcsevacesaracuddstavsessaneseannteveciieddenentsen OO 


2 LISt: OF VIGO Sissiisiscicdinciteicsciecaavelevcueiscvavcininvetenbsknacaanuduntendscnvansscicevdddabvevanesestdddsdsusdeensasavaddetsdetadanvsniiees:OF 


Paleontology - Theropod Dinosaurs And The Origin Of Birds 


Introduction 


As we move through the lessons of this course, we will bring you nearer and nearer to the Theropoda most 
closely related to Birds. The oldest known Dinosaurs come to us from Argentina, and they include these two 
fellows, Herrerasaurus and Eoraptor. We think that Allosaurids and many other Carnosaurs had hand claws that 
functioned as grappling meat hooks. 


Illustration 1: Troodontid 


You can see a number of Bird-like traits, and some of these traits are common to virtually all Theropoda, a 
bipedal stance, an S-curved neck. Therizinosauria all had beaks, and so too did the Ceratosaurine Limusaurus. 
Archaeopteryx could in fact be a Troodontid, or it could still very well be the first true Bird. Birds swing their upper 
legs relatively little when taking steps. 


— 


Illustration 2: Wing of a Pelican 


This is the wing of a Pelican, and it has been prepared so that you can see the relationship between the wing 
feathers and the skeleton. 


The Seriemas have an enlarged claw on the second toe, similar to that of Deinonychosaurs. Establishing that the 
Birds we see today are the direct descendants of Dinosaurs ranks as one of paleontology’s greatest scientific 
accomplishments. 


Join me on a fascinating journey into our planet's past. You are going to learn about one of the most 
magnificent groups of animals ever to walk on the earth, and you are going to learn about their progeny; animals 
that delight and fascinate us with their diversity, color, intelligence, and song: the Birds. 
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Bird Anatomy 


1 Link Between Birds And Dinosaurs 


Studying Dinosaurs is a fascnating pursuit. No group of Dinosaurs was more diverse and successful than the 
Theropods. The Theropods saga spans over 200,000,000 y of evolution, and indudes the largest carnivores to walk 
ever the earth, but also the smallest vertebrates to fly ever. It is heavy stuff and I love it. 


Theropods were among the first Dinosaurs to arise. Throughout the Mesozoic Era, the ‘Age of Dinosaurs,’ 
Theropods became diverse in size, eating habits, range, and socialization. Theropods occupied ecological niches 
from tiny prey, to apex predator; and they never went extinct. 


The descendants of Mesozoic Theropods are still with us today. They are all around us. Just look out the nearest 
window, and you might see one. They are Birds, like this awesome fellow, Leo. Her is a macaw and believe it or 
not, he is a Dinosaur. Establishing that the Birds we see today are the direct descendants of Dinosaurs ranks as one 
of paleontology's greatest scientific accomplishments. Join me on a fascinating journey into our planet's past. You 
are going to learn about one of the most magnificent groups of animals ever to walk the earth. Moreover, you are 
going to learn about their progeny, animals that delight and fascinate us with their diversity, color, intelligence, and 
song, the Birds. 


1.1 Origin Of Species 
Today, we recognize that Birds evolved directly from Dinosaurs. 


Do you know when the theory that Dinosaurs were the evolutionary ancestors of 
Birds was first proposed? 


A. When the first feathered Dinosaur fossils C, Shortly after the publication of ‘On the 
were discovered in China in the late 1990° Origin of Species,’ in the 1860° 

B. When the first Bird genome was sequenced D. During the ‘Dinosaur Renaissance,’ in the 
in the 21° century 19605 


Although it has taken the discovery of countless fossils and generations of scientists to compile the mounds of 
evidence that now conclusively prove Birds evolved from Dinosaurs, you might be surprised to learn the idea that 
Birds evolved from Dinosaurs is nearly as old as the theory of evolution itself. C is the correct answer. 


When Charles Darwin published ‘On the Origin Species’ in 1859, he created a scientific and social uproar. It 
challenged religious dogma. It threatened pervasive philosophical views, and it proposed a single unifying theory 
for all of biology. Naturally, a fresh idea like evolution did not gain scientific acceptance overnight, nor should it 
have. The theory of evolution was immediately subjected to severe scientific scrutiny and ruthless critique, but 
Charles Darwin was a quiet man who shied away from publicly championing his idea and debating his critics. He 
preferred to let his books speak for him. However, that silence did not cut it with much of Europe's scientific 
community. There were serious questions to be answered that were not covered in Darwin's book. He and his 
theory of evolution were subject to public and professional ridicule. Nevertheless, Charles Darwin was not without 
allies. Foremost among them was his friend and fellow natural scientist Thomas Henry Huxley. Huxley defended 
evolution theory in writing and in person. With his thick skin and his rapier tongue, Huxley earned himself the 
nickname ‘Darwin's Bulldog.’ The theory of evolution has three premises. 


27s 
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1.2 Theory Of Evolution 
Which of the following is not one of them? 


A. Parents produce more offspring than can be C. Offspring resemble their parents 
supported by the environment D. Offspring occasionally exhibit novel traits or 
B. Natural processes randomly determine variations 


which individuals survive and reproduce 


Although it is a central tenet of evolution that the survival and reproductive success of an individual organism is 
determined by natural processes, these processes are not random. They are selective, hence the term natural 
selection. Therefore, B is the correct answer. 


One of the most significant arguments against evolution had to do with the theory's central tenet that all life 
shares a single common origin. As such, all modern animals are part of a single family tree, and a long train of 
ancestors connects all organisms on Earth to each other. That seemed entirely contradictory to what Victorian 
naturalists perceived in the modern world and the fossil record. 


All modern animals appear to belong to distinct and well-defined natural groups. Fish were fish, Amphibians 
were Amphibians, Mammals were Mammals, and Birds were Birds. There were no half Mammals, half Reptiles, or 
half fish, half Amphibians. Instead, modern animals each belong to one, and only one, major group. For Darwin to 
be right, the transitional links between modern groups must have once existed, but were simply now extinct. For 
that in turn to be true, such transitional forms or missing links ought to be found in the fossil record. 


Up to that point in the 19" century, no such fossil had been recognized. Instead, Darwin concluded that the 
fossil record was too incomplete to document clear transitions from one major kind of animal to another. That was 
not a very satisfying explanation. When debating other scientists who used the missing link argument, Huxley was 
put on the defensive. Darwin's Bulldog needed a transitional fossil. Huxley needed a fossil to show that historically, 
major animal groups were connected. In 1861, he got it. 


1.3. The Missing Link 
Do you think it showed the link between? 


A. Fish and Amphibians c Reptiles and Mammals 
B. Reptiles and Birds 


In 1861, a fossil of Archaeopteryx was found in Germany. This fossil clearly showed a small carnivorous Reptile, 
but with wings and feathers. It was a link between Reptiles and Birds. Therefore, Bis the correct answer. As we 
shall soon see, Archaeopteryx showed a more specific link between Dinosaurs and Birds. 

a 


Illustration 3: Archaeopteryx 


This is Archaeopteryx. Excavated from a Jurassic limestone quarry in Southern Germany, this little creature took 
center stage in the evolution debate. Having been buried in extremely fine and anoxic marine sediments, many 
Archaeopteryx specimens preserve the fine details of feathers. On this spedmen, you can see long flight feathers 
on the arms and on the tail. 
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Sir Richard Owen originally described the first skeleton of Archaeopteryx. Owen was a brilliant naturalist whose 
contributions to Victorian natural history had earned him knighthood. Among his many accomplishments was his 
recognition that various fossil remains attributed to extinct giant Reptiles all belonged to a single and unique natural 
group. This was a group that he named the Dinosauria. Because Arazaeopteryx had feathers, it seemed clear to 
Owen that it was the oldest known Bird. 


After all, what could be more Bird-like than feathers? 


However, Huxley realized that there was more to the fossil. You can see these important features as well. Look 
closely at the forelimbs. On each hand, Archaeopteryx has three long fingers, tipped with hooked daws. Now look 
at the tail. Archaeopteryx has a long series of tail vertebrate that accounts for nearly half of its total body length. 
Finally, look at the mouth. Instead of a beak, the jaws of Archaeopteryx are lined with small carnivorous teeth. 
Archaeopteryx, Huxley argued, had the defining features of a Bird, but also strong characteristics of a Reptile. It 
was a hodgepodge of Reptile and Bird anatomy, and thus, it bridged the gap between the two groups. It was just 
the sort of transitional fossil that Darwin's theory predicted, and also it was exactly the sort of missing link that 
Darwin's skeptics had demanded. 


Huxley did not stop there. He went one major step further and confidently offered an explanation for exactly 
from which branch of the reptilian family tree Archaeopteryx had arisen. To tell you more about why Huxley picked 
the branch that he did, let me introduce you to ‘University of Alberta’ Professor of Paleontology and holder of the 
‘Canadian Research Chair in Dinosaur Paleobiology,’ Dr. Philip J. Currie. 


Illustration 4: Dr. Philip J. Currie 


I am Phil Currie and I like to work on Theropod Dinosaurs as my main research area. When I was a kid, I was 
fascinated by Dinosaurs, as most kids are, and one of the Dinosaurs though, that caught my attention was 
Compsognathus. Compsognathus had been discovered in the same limestone deposits in Germany as 
Archaeopteryx. Nevertheless, for many, many years, this was the smallest known Dinosaur, and when we think that 
Dinosaurs are fascinating because they are large, we have to look at the small ones, because they may tell us more 
about the evolution of Theropod Dinosaurs. Huxley realized this, and when Huxley looked at Arazaeopteryx, he 
realized that if you plucked the feathers off an Archaeopteryx, you are essentially left with a little Dinosaur that 
looks almost exactly like Compsognathus. 


Both Archaeopteryx and Compsognathus have the small carnivorous-style teeth that are flattened from side to 
side with serrations on them. When we look at the hands, they both have 3 functional fingers with claws on them. 
When we look at any part of the skeleton, we can see that they are very closely related to each other. In fact, it is 
quite evident that because they are so closely related to each other, Huxley realized that almost certainly, Birds 
originated from Theropod Dinosaurs like Compsognathus. I am not sure he would have made that leap if he were 
comparing Archaeopteryx with Tyrannosaurus rex, although those characters are in fact there to relate the two as 
well. Compsognathus, \ike Archaeopteryx, is a little bipedal animal, and when we look at the feet, we can see that 
they are very similar to each other, including the phalangeal formulas. These are almost identical, and no other 
animals have feet like Birds and Theropod Dinosaurs. Ignoring wings and fancy feathers, Cormpsognathus and 
Archaeopteryx have a great deal in common. 
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1.4 Archaeopteryxand Compsognathus 


Which of the following skeletal traits did Archaeopteryx have but Compsognathus 
lack? 


More than one answer might be correct; therefore, check all the answers that you think apply. 


A. Cervical ribs fused to the neck vertebrae Cc. A keeled sternum 
B. Gastralia D. —acrescent moon-shaped wrist bone 


Cervical ribs that are fused to the neck vertebrae are found in modern Birds and in Archaeopteryx, but they are 
also found in Compsognathus and many other predatory Dinosaurs. Gastralia, or belly ribs are an anatomical 
feature that modern Birds have done away with. Dinosaurs, including Compsognathus, have them, but so does 
Archaeopteryx. A keeled sternum is critical for modern Birds because it provides increased attachment for flapping 
flight muscles. However, this feature had not yet evolved in either Compsognathus or Archaeopteryx. The correct 
answer is D, a crescent moon-shaped wrist bone. Like all modern Birds, the wrist of Archaeopteryx is specially 
adapted; therefore, that the wing can fold backwards. Compsognathus lacks such a wrist. However, as we will see 
later, this adaptation first evolved in non-avian Dinosaurs. 


2 Bird Anatomy 


To understand the evolutionary path from Dinosaur to Bird, first we need to understand just what it means to be 
a Bird. We are going to spend the rest of this lesson learning about Bird anatomy. Here, you will discover the most 
important anatomical features that Dinosaurs needed to evolve in order to become Birds. 


To begin with, the trait we most closely relate to Birds is flight. Birds have numerous adaptations that enable 
this amazing ability. First, it is easier to fly if you are lightweight. To lighten their skeletons, Birds have evolved a 
number of interesting adaptations. Most Bird bones are hollow and have extremely thin walls. 


mammal. Now holding the two, I can tell that the Bird pone is substantially lighter. However, because this is a 
science course, do not just take my word for it. See for yourself. 


First, here is the bone from the mammal; 105 g. Now here is a slightly larger bone from a Bird; only 37 g. The 
Bird bone is much lighter. 


Here is another Bird wing bone. This time we have removed a section of the outer wall allowing you to see the 
inside. You will notice first how very thin the edges are, and secondly, you can see that inside there are tiny struts 
of bones that criss-cross the internal space. This is a sophisticated bit of evolutionary engineering that helps 
reinforce and strengthen a Bird's bone. Without these struts, the bone would easily break. 
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Aside from being thin walled, the skeletons of Birds are highly pneumatized. Pneumatization is the development 
of air pockets within bones. Air pockets make bones weigh even less. In Birds, most of these air pockets are 
connected directly to the respiratory system that is responsible for efficient avian breathing. 


2.1 Pneumatization 


Think about the great diversity of Birds; diversity in size, shape, and way of living. Now think about what 
pneumatization means for the skeleton of a Bird. It makes them very light. 


Which one of these Birds will have its skeleton more pneumatized? 


q ® 


A. Hummingbird 8. Vulture 
C. Sparrow 0. Parrot 


The extent of skeletal pneumatization varies between Bird species. Generally, the skeletons of large, soaring 
Birds, like vultures, are the most pneumatized. This helps to lighten their load, as they spend many hours each day 
soaring passively, but efficiently, on the wing. Therefore, B is the correct answer. 


Another general need of a flyer is a rigid body, which can stand up to gravity and maintain a constant 
aerodynamic shape, without sagging or flopping about with every wing beat. A good way to hold the skeleton rigid 
without the need for constant muscle flexing is to fuse multiple bones together. Nowhere on the Bird is this concept 
more apparent than at the hips. 


The sacrum is a feature common to most terrestrial vertebrates. It is a typically short series of vertebrae that all 
are fused together. They are each fused to the left and right ilia, or the upper hipbones. However, Birds take this to 
the extreme. They have evolved what is called a Synsacrum. The Synsacrum is essentially an extraordinarily long 
sacrum. It incorporates multiple additional vertebrae from the abdomen and tail, essentially turning the back half of 
a Bird's skeleton into one solid bone structure. 


The front half of a Bird is also held together more rigidly than other vertebrates. Have a look at the rib cage. 


Do you see these backwards projecting processes on each rib? 


These are called uncinate processes. Notice the uncinate process of every rib overlaps the next rib behind it. 
This helps lock the entire rib cage together. 
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Behind the Synsacrum, there is another fused structure. This is a pygostyle, and pygostyles are formed by a 
series of fused vertebrae at the tip of the tail. This stiffens the tail tip and makes it a good anchor for rectrices, 
which is a fan of tail feathers. Notice that between the Synsacrum and the pygostyle, there is only a very short 
series of unfused vertebrae, and this is the only region of significant tail mobility. Also note, the absolute length of 
the tail skeleton is extremely short. 


2.2 Unfused Vertebrae 


Why does a Bird need unfused vertebrae between the Synsacrum and Pygostyle? 
A. _ Facilitate in-flight steering C. ‘There is no value to this feature 
B. Make walking easier 


Future evolution of Birds will likely see these bones fuse into the rest of the Synsacrum. Un-fused vertebrae 
allow a Bird's tail to be moved like a rudder, improving flight maneuverability. Therefore, A is the correct answer. 


WN wn 


Flight demands strong musdes to keep wings flapping. Although muscles are themselves soft tissues they rely 
on the skeleton for sturdy support and anchorage, thus the need for strong muscles often necessitates the growth 
of large, bony surfaces for those muscles to attach to. This breastbone with its dramatic projection is a keeled 
sternum. The keeled stemum provides a Bird with an enlarged attachment surface for wing muscles. The scapula, 
or shoulder blade, the clavicle, or collarbone, and the coracoid form the pectoral girdle. 


\ | ya 
As you can see here, the coracoids are attached to the breastbone, and their function is to brace the wings 


apart. The left and right clavicles of Birds combine to form a single V-shape bone called the furcula. The furcula is 
more commonly known as the wish bone. In Birds, the furcula serves several important functions. 


2.3. Furcula 
Can you identify one of the functions of the furcula? 


A. Stabilize the shoulder Cc. House the preen gland 
B. | Compress avian lungs D. Brace the rib cage 


The correct answer is A. We will talk more about the furcula in later lessons, but it does function to stabilize the 
shoulder of Birds, as well as store elastic energy while the wings flap. 
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The wings of Birds are formed from the same bones found in the front limbs of other vertebrates. The upper 
arm consists of the humerus. In Birds, the humerus articulates with a pectoral girdle through a special joint that 
allows a wide range of movement. The forearm is composed of two bones, the radius, and the ulna. Look closely at 
the ulna and you can see a line of small bumps on its surface. These bumps are quill knobs. They are sites where 
the large wing feathers attach. 


In the wrist many of the carpals had become fused together to form one structure. The fingers of Birds are 
highly modified. There are only three, and as you can see, the first digit is greatly reduced. Nonetheless, it still 
plays an important roll in flight, which we will discuss later. The second digit is the longest. It is followed by the 
third. 


Not every part of a Bird's anatomy is strictly adapted for flying. For instance, one of the most characteristic 
features of modern Birds has nothing to do with flying. Birds had beaks with toothless jaws. Modern Birds have a 
diversity of diets. Different groups of Birds have beak shapes that are adapted to conform to the food they eat. 
Birds of prey have sharp hook beaks for tearing flesh. Woodpeckers have long chisel shape beaks for boring into 
tree bark. Dabbling Ducks have broad spoon shaped bills to siphon mud. Seed eating Birds have short thick beaks 
to break seed shells and so on. 


Behind the beak are large orbits that house the eyes. As a general rule Birds have excellent vision. Behind the 
orbits is a relatively large brain case. The elementary school put down, Birdbrain, is ironically not a well-informed 
insult. Birds like parrots and crows, rank among the smartest of all animals. Even comparatively small-brained 
Birds, like ostriches, are far smarter than modern Reptiles. 


The necks of Birds are often long and flexible, and that is because they typically contain a long series of cervical, 
or neck, vertebrae. You and I each have only seven vertebrae in our necks and seven is the typical number for 
Mammals, although there are a few unusual mammal speces that deviate slightly. Non-avian Dinosaurs typically 
have 9 or 10 cervical vertebrae, but Bird necks are far more variable. A relatively short-neck Bird, like a parrot, has 
9 cervicals, while a long-neck Bird, like a swan, can have well over twenty. 


We have seen how Bird wings have a skeletal layout similar to the forelimbs of other bony land animals. 
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2.4 Bird Legs 


What is about their legs? Do you know in what ways the hind limb skeleton of a 
Bird differs from our own? Unlike your legs, Bird legs have: 


A. Knee joints that point backwards Cc Long metatarsals that are fused together 
B. Proportionately longer femora D. _Inflexible toes 


Unlike you and I, Birds have very long metatarsals that are fused together. Therefore, C is the correct answer. 


As in the wing, the legs of Birds are made up of the same leg bones that we and other vertebrates posses. The 
upper leg is comprised of the femur, and the lower leg contains two bones, the tibia, and the fibula. However, in 
Birds, the fibula is extremely thin, and the tibia is fused together with some of the anklebones, forming a structure 
called the Tibiotarsus. 


The knees of Birds point a common misconception backwards rather than forwards. As you can see, this is not 
the case, but this misconception stems from the characteristically short femora of Birds. This arrangement 
commonly results in the true knee being obscured by the feathers of the body. Meanwhile Bird ankles are visible 
and are raised well above the ground, making us think that they are actually the Bird's knees. 


Metatarsals in humans are the long bones that run through the soles of our feet. In Birds, however, they are 
elevated off the ground. Therefore, only a Bird's toes make significant contact with the ground. The metatarsals of 
each foot are also fused together along with the remaining ankle bones. This structure in Birds is known as the 
Tarsometatarsus. 
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The relatively short femora in long lower leg bones of Birds reflect how they typically walk and run. Unlike us, 
and most non-avian Dinosaurs, Birds swing their upper legs relatively little when taking steps. Instead, they bend 
their knees and swing their lower legs. This biomechanical difference in locomotion, stems from both a major 
reduction in upper leg musculature, and the typical Bird constraint of having a centre of body mass that is 
positioned well in front of the hips, both of these traits relate to the evolution of shorter bony tails. 


That brings us to feet. As Dr. Currie explained, the feet of Birds and some Dinosaurs are extremely similar. 


Do you know what a phalangeal formula is? 


Let me quickly explain. Here is a skeleton of a human foot. Starting with the inside or big toe, we state the 
number of bones in each digit, moving our way to the outermost toe. Therefore, in a human foot we would count, 
two, three, three, three, and three. Two, three, three, three, three is the phalangeal formula of the human foot. 
Now I want you to figure out the phalangeal formula of a Bird foot. 


2.5 Bird Phalangeal Formula 


Here is the skeletal image of a Bird's right foot. 

What is the phalangeal formula? 
A.  2-3-4-4 Cc 06,5,4,3,2 
B. 2-3-4-5-0 


This is the right foot of a Bird. Therefore, we count from the left, or inside of the foot, clockwise to the right, or 
outside of the foot, in order to determine the phalangeal formula. Counting the bones starting at the backside and 
moving clockwise, we discover that B is the correct answer. 


The feet of Birds and some Dinosaurs are very similar. A typical Bird foot has a phalangeal of 2-3-4-5-0. The 
first toe of Birds, which we call the hallux, and which typically points backwards in Birds, contains two bones. The 
second toe contains three, the third has four, and the fourth has five. The fifth toe, which is an ancestral trait of all 
Tetrapods, has been lost, and here we denote that with a zero. Note that although there are more bones in the 
fourth toe, the third toe is typically longest. The four bones that comprise the third toe are each proportionately 
longer than the others in the foot are. 
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Finally, here is one more important trait. Like all vertebrates, Bird hips are composed of left and right sets of 
three bones. The upper hipbone is called the ilium, and this is the bone that sacral vertebrae fuse to providing 
rigidity. Below the ilium is the ischium, which projects towards the rear. Finally, there is the pubis, which in Birds 
also projects towards the rear. 


2.6 Pubis Direction 


If you have previously taken a course on Dinosaurs, you no doubt learned about important differences in hip 
structure. Let us see what you have remembered. One of the following Dinosaurs has a pubis that projects towards 
the rear of the animal. 


Which one is it? 

A. — Tyrannosaurus Diplodocus 

B. | Stegosaurus D.  Allosaurus 

If you have not learned about Dinosaur hip structure in the previous course, then just make a guess and move 
on. Tyrannosaurus, Diplodocus and Allosaurus are all saurischian or lizard-hipped Dinosaurs. Therefore, they have 
forward-pointing pubis bones. The Stegosaurus, however, is an Ornithischia, or Bird-hipped Dinosaur, and has 
rearward pointing pubis bones. Therefore, B, Stegosaurus, is the correct answer. However, this similarity in hip 


structure is strictly convergent, and Birds are not actually doser related to any of the ornithischian Dinosaurs, as 
you will soon discover. 


You are now familiar with many signature anatomical traits of modern Birds. To make the connection with their 
Theropod ancestors, we are going to survey all the major groups of Theropod Dinosaurs. As we move through the 
lessons of this course, we will bring you nearer and nearer to the Theropods most closely related to Birds. 
Therefore, to start, we will go way back into the Triassic Period when Theropod Dinosaurs first arose. 


What were these first bipedal Dinosaurs like? Moreover, what set them up to 
become so successful through millions and millions of years of evolution? 


Let us look. 
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Survey Of Non-Avian Theropods 


1 Triassic Theropods 


Now that we know the critical features of Bird anatomy, we are ready to see how these features first evolved. 
Let us begin our trek through the Dinosaur family tree. 


Illustration 5: Herrerasaurus Illustration 6: Foraptor 


The oldest known Dinosaurs come to us from Argentina. They include these two fellows, Herrerasaurus and 
Eoraptor. These Dinosaurs are from the Triassic period. Of course, the Triassic is the earliest of the Middle Era. 
These Dinosaurs, in fact, come from 228,000,000 y old rocks. Those rocks are predated, of course, by earlier times 
when there must have been Dinosaurs, the ones who gave rise to these ones. However, we have never yet found 
earlier Dinosaurs. They are there; we just have to find them. 


The two Dinosaurs that I am looking at are, basically, carnivorous Dinosaurs. You can look at the teeth, for 
example, and see that the teeth are flattened from side to side on the front and the back. These are the same kind 
of teeth that we see in more progressive animals, like 7yrannosaurus Rex for example. However, the relationships 
of these Dinosaurs have been debated. That is because they represent the time when all Dinosaurs were 
diversifying into the groups that they eventually became where they are very obviously different from each other, 
but back in the Triassic. It is not that obvious, we can look at Foraptor, for example, and although it looks like a 
good carnivorous Dinosaur, in fact, there are characters in the teeth at the front of the jaws that suggest this 
animal may in fact be much more closely related to the earliest Sauropods. They consequently have nothing to do 
with the more progressive Theropod Dinosaurs like Herrerasaurus. Neither of these Dinosaurs is very large, and 
there were no large Dinosaurs at that time, but there are characters in the skull of Herrerasaurus in particular that 
it is a Theropod Dinosaur. 


; 
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Illustration 7: Herrerasaurus skull 


For example, we can look at the region between the eye and the nasal area, and we can see that there is this 
large sinus. Well, in fact, there are several sinuses like this in the face, which are air-filled and help define all 
Theropod Dinosaurs. We can also look at the lower jaw, and we can see that there is a very large opening in the 
Middle of the lower jaw, which has a joint above it and below it. This joint, called the intramandibular joint, is found 
in all Theropods that evolved after Herrerasaurus. That joint probably represents a safety valve. Therefore, when 
the animal was feeding if its teeth got stuck in its prey those teeth would not break off, because there were some 
flexibility in the jaw. However, that joint would also allow these animals to have a slightly larger gape and to allow 
them to perhaps eat and swallow slightly larger prey. 
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When we look at the hands of Herrerasaurus, we can see how primitive this Dinosaur is though. This Dinosaur 
has not two fingers that we find in 7yrannosaurus Rex, it is got remnants of all five fingers, which is the primitive 
number of fingers in Theropod Dinosaurs. The thing about Herrerasaurus though, it is lost all of the phalanges on 
the fifth finger. All that remains is the metacarpal bone, which is in the flat of the hand. The fourth finger is 
represented by the metacarpal bone, of course, but it also has one single phalanx left. Therefore, it is in the 
process of losing those 2 fingers, but it still has those fingers represented. It still has three functional fingers and, 
as you would expect in a carnivorous Dinosaur, those fingers end in sharp claws and the hand is capable of 
grasping its prey. 


When we think of carnivorous Dinosaurs, we naturally tend to envision large predators ruling over the 
prehistoric world, and that part of the story is coming. However, at their beginning, carnivorous Dinosaurs were 
more modest components of the ecosystem. The early Theropod Dinosaurs, like Foraptor and Herrerasaurus, and 
their herbivorous cousins are estimated to have accounted for only about 10 % of a large bodied terrestrial species 
that were alive at the time. Of course, these Dinosaurs were not very large. 


Illustration 8: Ornithosuchus, a Crurotarsan 


For roughly the first 30,000,000 y, Theropods were out classed and out numbered by larger carnivores, primarily 
Crurotarsans. Crurotarsans are crocodile-line Archosaurs. These induded multi-ton predators, some of which were 
also bipedal, and similar to Theropod Dinosaurs in many regards. 


Alongside such crocodile line competitors, the Neotheropoda evolved. Neotheropoda have skulls with enlarged 
lacrimals. Lacrimals are bones positioned just in front of the eyes that extended onto the upper skull surface. Such 
lacrimals may have strengthened the skull, but the dorsal position is also important. In many later Theropods, the 
lacrimals would evolve into a range of pressed and small horns. Neotheropoda also have intramandibular joint in 
each side of the lower jaw, and the intramandibular joint created a flexible region in the lower jaw. 


1.1 Intramandibular Joint 


What do you think could have been one possible advantage of a flexible joint on 
the sides of Neotheropoda jaws? 


A. Greater maximum bite force c Improved jaw rigidity 
B. — The ability to take expanded bites D. A faster bite 
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B is the correct answer. The intramandibular joint allowed Neotheropoda to expand their jaws and take bigger 
bites. However, it was an adaptation with a number of other potential benefits. 


The intramandibular joint allowed Neotheropoda to bite off and swallow larger chunks of meat. It also gave a 
little flex to their bites and this allowed them to grip and hold onto struggling prey without their lower jaws being 
easily torqued, or broken. Finally, it may have provided them with the ability to wiggle their lower jaws in feeding 
and attacking. This would have allowed their lower jaws with their rows of sharp serrated teeth to function like 
electric carving knives. This increases their injuring and butchering ability. In the pelvis of the Neotheropoda, the 
number of sake whole vertebrates’ increase to minimum of five, and attachment surfaces is for the high limb 
muscles were in large. The feet became functionally tridactyl; meaning only three of the toes touched the ground, 
and the number of fingers on each hand was reduced to four. 


Dinosaurs diversified gradually and this should not come as a surprise, which is how evolution works. Bear in 
mind, the adaptations that distinguished the first Theropods from many of their closely related reptilian 
contemporaries, were subtle. In the late Triassic, Neotheropoda slowly gained ecological and evolutionary ground. 
Herbivorous Dinosaurs had already become substantially more abundant and included the prosauropods. 
Prosauropods were the largest herbivorous of their time, and the largest herbivores in Earth's history up to that 
point. 


Among the first distinct branches of the Neotheropoda was the Coelophysidae. Coelophysidae were still 
relatively small and lightly built. They are an important group to note, because many Coelophysis soil such as genus 
Coelophysis are known from large fossil bone beds contain, in some instances, hundreds of skeletons. These 
skeletons all belong to the same Coelophysis soil species. The bone beds show that although Dinosaurs were not 
the largest predators, in some environments they were becoming numerous. These crowded bone beds suggest 
that some Coelophysidae were gregarious and lived in large packs. 


At the end of the Triassic period, there was a mass extinction event. Currently, we do not know what caused it. 
Many of the other large carnivores and herbivores died off, but all the major lineages of Dinosaurs survived this 
extinction event. Of course, mass extinctions are disastrous for many species, but for others there can be a time of 
opportunity. 


1.2 Extinction Benefits 


In what way might a mass extinction benefit a lineage of animals? Is this 
because: 


A. It opens ecological niches that were C. It simplifies food webs 


previously occupied D. It consolidates mating territory 
B. It marks the transition from one geologic 
period to another 


The correct answers is A. The extinction of several lineages opens new opportunities for the survivors to 
diversify and occupy those empty niches. 


2 Jurassic Theropods 


At the start of the Jurassic, there was an ecological vacuum. Dinosaurs were free to diversify and fill the 
ecological niches that were left empty. For the Theropods, this induded the niches of large bodied top predators. 
The Dilophosauridae were the first major radiation of large Theropods. Dilophosaurids are famous for their striking 
head crests and the large knot in the upper jaw, where the maxilla and premaxilla skull bones meet. This knot 
made them look like they had a perpetual snarl. 


Of course, Dilophosaurids are also famous for their appearance in the science fiction novel and movie, 
Jurassic Park. In the book and film, one small Dilophosaurid is depicted with an umbrella-like frill around its neck 
and the ability to spit blinding toxin. Both of those features are pure works of science fiction. There is no fossil 
evidence for either feature in the Dilophosaurid, or any other Dinosaur for that matter. 


However, in a work of science fiction, depicting such features is not inappropriate. We should remember that 
much of the anatomy of Theropods is not recorded in fossil bones. Soft tissue structures, like fleshy frills and 
venom glands, do not always leave behind telltale indicators on the skeleton. Therefore, if you imagine resurrecting 
a prehistoric park's worth of different Theropod species, the odds are that many of them would have surprising soft 
anatomy features. Still, there is no reason to think that such features were present among Dilophosaurids in 
particular. 
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In the Early Jurassic, the super continent of Pangaea was only beginning to split apart. This meant that there 
were no oceans to stand in the way of Dilophosaurids spreading across the globe. As a result, Dilophosaurids are 
known from Early Jurassic fossil beds all over the world. In fact, they are one of very few Dinosaur groups known 
from Antarctica. 


Illustration 9: Cryo/ophosaurus in his environment 


This is Cryolophosaurus, and Cryolophosaurus is probably one of the most interesting of the crested Theropod 
Dinosaurs from the Early Jurassic. Cryo/ophosaurus is represented by an almost complete skeleton, and that 
skeleton is about 7 m long. 


Illustration 10: Cryo/ophosaurus skull 


The skull though, unfortunately, was eroded by both glaciers on the mountain today and by the wind; therefore, 
we are missing the front half of the skull. The front half of the skull would have all of the teeth in it. We did find 
some of the teeth down slope; therefore, it was not a complete loss. The lower jaw is also in position, but the lower 
jaw has also been lost. 


What we can see still is the eye, where the eye would have been, the orbit. We can see the back of the lower 
jaw, we can see the whole back of the skull or the braincase, that is very characteristic of these Dinosaurs. The 
back of the skull attaches to the vertebrae and the rest of the vertebrae, as I said, have been collected. Now a 
Cryolophosaurus is unusual because it has a crest like Di/ophosaurus and some of the other crested Theropods. 
However, the crest is transverse, and it almost looks like a snow shovel that is been turned upside down and laid 
across the top of the head. The crest was probably used as a way of identifying other members of the same 
species. 


Cryolophosaurus is probably one of the most expensive Dinosaurs that have ever been collected. That is 
because it is very difficult to work in Antarctica. It took more than 20 years and 3 expeditions to collect the entire 
specimen. The specimen was found about 600 km from the South Pole, at an altitude of almost 4,000 m above 
sea level. That meant that it was always cold. The warmest day I ever experienced on Mount Kirkpatrick, when we 
were collecting this Dinosaur, was -20 °C. The coldest day was more than -35 °C. The area is just so remote and so 
difficult to work that, in fact, it was difficult to find enough time to be on the mountain, excavating the specimen; 
most of the time we were pinned down by bad weather. 
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In spite of the fact that Antarctica is so cold today, during the Jurassic, it was a much warmer period. Even 
though the continent was much farther north than it is today, it did not have an ice cap at that time. That meant 
that during the summer months it was warm enough to support a very lush flora. The lush flora supported, of 
course plant-eating Dinosaurs, and there are many plant-eating Dinosaurs have been found in the same region as 
this specimen. The plant-eating Dinosaurs, of course, were the food for animals like Cryo/ophosaurus. 


2.1 Dilophosaurid Crests 
Think for a moment about the crests of modern Birds and other animals. 


Based on the modern world, what function did the crests of Cryo/ophosaurus and 
other Dilophosaurids probably serve? 


More than one answer might be correct, so select all the answers that you think apply. 


A. Sound amplification Cc. Sexual display 
B. Reduction of aerodynamic drag D. Heat regulation 


Although the crests of some Dinosaurs were hollow and did aid in sound amplification, the crests of 
Dilophosaurids were not hollow and could not have influenced the Dinosaur's sound. The drag-reducing properties 
of Dilophosaurid crests have been investigated, and it turns out that the crests were poorly shaped for that 
purpose. Thermal regulation is also not a reasonable hypothesis for the function of Dilophosaurid crests, given the 
high variability in the crests forms. That leaves answer C. 


The crests of many modern Birds and other animals serve as sexual display structures that are used in courtship 
rituals. This function is supported by the tremendous variation in crest forms seen between Dilophosaurid species. 
Therefore, C is the only correct answer. 


Unfortunately, the story of Theropod Dinosaur evolution now enters a largely missing chapter. The fossil record 
of the Middle Jurassic is sparse. 


Why? 


Mostly it is a matter of missing rocks. We can only find Dinosaur fossils in ancient rock formations that happen 
to be exposed on the planet's surface. Nevertheless, as chance would have it, there are few Middle Jurassic rock 
exposures. Therefore, not much is known about Theropods or most other Dinosaurs from this time interval. 


Illustration 11: De/tadromeus, an Averostra 


By the time the story picks back up in the Late Jurassic, the Dilophosaurids are gone. In their place is a 
terrifying new group of large Theropods, the Averostra. Averostra have hatchet shaped skulls, meaning they are 
narrow laterally but deep from top to bottom. Biomechanical studies suggest that these skulls were good at 
withstanding the up and down forces of biting hard and straight into prey. However, their heads were weaker at 
resisting the side-to-side forces associated with holding or shaking struggling prey. This gives us some insights into 
the hunting tactics of Jurassic Averostrans. They use their jaws as slashing and ripping weapons, but not as 
grappling or wrenching tools. Let me introduce you to three kinds of Jurassic Averostrans. They co-existed during 
the Late Jurassic period throughout much of the world. They are the Ceratosauria, the Megalosauroidea, and the 
Carnosauria. 
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2.2 Nose Horns 


Many Dinosaurs are known for having interesting arrays of horns and armor plates. Ceratosaurs are known for 
their characteristic nose horns. 


What do you think a Ceratosaur nose horn might have been used? 
A. Make distinctive calls Cc. Protect the snout from the bite of rival Theropods 
B. Loosen meat from dead carcasses 


Some carnivorous Theropods are known to have engaged in intraspecies face-biting. A sharp horn on the snout 
could certainly have dissuaded rivals from biting one another, preventing critical wounds. Therefore, C is the most 
likely answer. 


Illustration 12: Ceratosaurus, skull 


We will begin with the Ceratosauria. These are casts from the skull of the group's namesake, Ceratosaurus. 
Ceratosaurus and its close Ceratosaur relatives have the longest teeth relative to their skull size of any Theropod. 
The teeth are blade-like with extremely fine serrations on the front and back cutting edges. They also have a slight, 
but noticeable backwards curve. In front of each eye there is a prominent crest formed by the lacrimal, and on the 
snout there is a triangular horn. 


The head crests of most Theropods are fragile, and are made of such thin bone that they could not have been 
used as weapons or for protection. However, the snout horn of Cerafosaurus may be an exception. The horn may 
have been sharp at its point and along its edge. Clearly, the teeth were still the major weapons, but the horn could 
have protected the muzzle from being bitten by a rival Theropod and with the horn, an upward blow of the snout 
would have become a more serious attack. 


Illustration 13 : Limusaurus 


The Late Jurassic also saw the evolution of an herbivorous Ceratosauria. Limusaurus, from China, was a strange 
beast. It had a small and toothless skull with a beak. Its forelimbs were greatly reduced in size, and its hind limbs 
were lengthened, implying an enhanced ability to run. Overall, Limusaurus appears to have been a relatively small 
sheep to human sized animal, but only the skeletons of immature individuals are currently known. 
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Illustration 14: 7orvosaurus tanner 


The Megalosauridae is the second major group of large Jurassic Theropods. Megalosauridae include huge 
Theropods like 7orvosaurus, which exceeds 10 m in length and has an overall robust build. The teeth of many 
Jurassic Megalosauroids are blade-like and have exceptionally large tooth serrations, earning them the nickname 
‘the chainsaw toothed’ Theropods. 


Illustration 15: Monolophosaurus jiangji (Skull) 


The third major group of big Jurassic Theropods is the Carnosauria. Narrow, but elongated, skulls and jaws 
characterize these Theropods. Together Carnosaurs and Megalosauroids belonged to a larger Theropod group 
called the Tetanurae. Tetanurans have a number of anatomical novelties. This is the skull of Mono/ophosaurus. It is 
an early Tetanuran, but we do not know exactly where it fits in the phylogenetic tree of life. On the skull, you can 
see one of the trademark Tetanurae traits. The teeth are restricted to the middle and front portions of the mouth 
leaving a tooth-free zone at the rear. The Tetanurae is also characterized by more tightly interlocking tail vertebrae 
and by large hands. These characteristic hands bring us to a particular family of Jurassic Carnosaurs, the 
Allosauridae. 


2.3 Apex Predator Hands 
The hands of apex predator Theropods may have performed many functions. 
Which of the following is an unlikely use? 


A. — Tocatch and hold prey C. ‘To dig for insects 
B. — To hold onto mates while breeding 


While some Theropods are suspected of being insectivorous, these species are not considered apex predators. 
Therefore, C is the correct answer. 


Illustration 16: A//osaurus (Hand) 
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This is the hand of A/osaurus, the Late Jurassic namesake of the Allosauridae family. Look at the hand and you 
can see the size of the claw varies with each finger. The first finger, equivalent to our thumb, bears the largest 
claw, and claw size diminishes sequentially. Have a look here at the side of a claw. 


Do you see that groove running across the surface? 


That groove is a canal for a large blood vessel. The claws of Theropods, like the claws of most animals, would 
have been covered in life by a horny sheath of keratin, the same material your fingernails are made of. We have to 
clip our fingernails because keratin grows, and growing keratin needs a supply of blood. This is why you can see 
the large blood canal. Therefore, in life, these A//osaurus claws would have been larger and probably much sharper 
thanks to the keratinous covering. 


For paleontologists, this is something of a concern, because keratin seldom fossilizes. It can be hard to interpret 
the real life shape of a claw, and therefore, the specific function. However, we can still speculate based on the form 
of the claw bones. First, notice the large tubercle on the claws inside base. This is where a tendon attached and 
flexed the claw inward. The tubercle is large, implying a large, strong tendon. 


Notice too, that the tubercle is positioned low, near the articulation with the next finger bone. Such a large 
tubercle means that only a short quick contraction of the tendon would have been needed to swing the claw. 
Therefore, A//losaurus claws were adapted to flex strongly and quickly. 


Finally, examine the surface along the claws inside curve. It is broad and surprisingly flat, and this is not the 
shape of a daw that would be particularly good at slashing and cutting. Instead, we think that allosaurids and many 
other Carnosaurs had hand claws that functioned as grappling meat hooks. They could pierce and hook into prey 
and could not be easily wrenched out. 


Illustration 17: Claws of different length 


Now, that is a scary claw but here is a scarier one. This has the same shape, but it is bigger. This claw belongs 
to another Allosaurid, the giant Saurophaganax. Saurophaganax was among the largest Jurassic carnivores. It 
measured 12 m long, and shows just how far predatory Theropods had come. By the end of the Jurassic, allosaurid 
Carnosaurs were among the most numerous of all large Theropods. They appear to have largely outcompeted both 
the Megalosauroids and the Ceratosauria. However, all three lineages found ways of persisting into the Cretaceous, 
as we will soon see. 
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3 Cretaceous Theropods 


Illustration 18: Carcharodontosauridae (Tooth) 


The Carnosaurs of the Jurassic gave rise to the Carcharodontosauridae. This group is named for the shape of 
their teeth, which resemble those of the great white shark, Carcharodon. Like a typical shark tooth, the tooth's 
body is laterally compressed but thickest in the middle. It is right and left sides are more symmetrical than in most 
Theropods, and the tooth's tip comes to a central point. In the Cretaceous, the Carcharodontosauridae rose to 
prominence across the globe. Among the Carcharodontosauridae that evolved in South America, there were species 
that surpassed Saurophaganax and even Tyrannosaurus Rex in size. 


Until recently, 7yrannosaurus Rex was the unchallenged king of the Dinosaurs. This carnivorous Dinosaur was 
the largest, probably meanest, and most specialized. However, in recent years, things have been changing, and 
several challengers have come along maybe to dethrone 7yrannosaurus Rex, maybe not. The first of these was 
Giganotosaurus, and Giganotosaurus is from South America. A Dinosaur was only discovered in 1995, but when it 
was discovered, it was realized right away that this Dinosaur had a skull that was longer than the skull of 
Tyrannosaurus Rex. As the work progressed, basically, we realized that the longer skull might not mean a lot. 
There are differences between those two Dinosaurs that give it a bigger skull than 7yrannosaurus Rex, whereas the 
rest of the skeleton in fact was about the same length as the 7yrannosaurus Rex. When you start looking at other 
features, the size of the brain for example, we can see that 7yrannosaurus Rex was still a bigger Dinosaur; 
probably he was king that way. It really does not matter in the long run though, because these Dinosaurs lived on 
separate continents at slightly different times and they never would have encountered each other anyway. 


Illustration 19: Giganotosaurus 


I was very lucky that when Giganotosaurus discovered that I was able to go down to South America and work 
on the original specimen. At that time when I was looking at the skull of Giganotosaurus, we developed what 
became the ‘Argentina-Canada Dinosaur Project.’ One of the first things we did was to go to a site where a rancher 
had found some bones of a large carnivorous Dinosaur, and initially we thought it was probably G/ganotosaurus 
and started digging it up, because you can always use more information on one of these Dinosaurs. As we 
progressed though, we started to realize that it was not a single Dinosaur. That in fact, we had bones from many 
individuals of a Dinosaur that turned out to in fact, be different from Giganotosaurus. It is closely related to 
Giganotosaurus. It has a slightly shorter skull, but in other ways, it is bigger than G/ganotosaurus as well. 
Therefore, we have another challenger to 7yrannosaurus Rex as far as the size goes. 
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Illustration 20: Mapusaurus 


I had an opportunity to study Mapusaurus in detail and when you study Mapusaurus, you realize what the 
significance of those differences are. First, when we look at the long skull we realize that most of the length of that 
skull that distinguishes it from 7yrannosaurus Rex is in the back of the skull. Whereas 7yrannosaurus Rex becomes 
very broad in the back for very powerful muscles for crushing bones both Giganotosaurus and Mapusaurus, even 
their relative Carcharodontosaurus, these have longer skulls simply because they want longer jaw muscles. Those 
longer jaw muscles help the animal dose its jaws faster. Therefore, this animal, when it was attacking its prey, 
wanted to get a bite in fast and probably bit and then left. The reason it was doing that is because it was going 
after the largest Dinosaurs known, the Sauropods. There are many Sauropods associated with the beds where both 
Giganotosaurus and Mapusaurus are found. These Sauropods are animals with bones that are so big that you 
cannot even touch your fingers when you try to put your arms around them. There is no way that those Dinosaurs 
could do like 7yrannosaurus Rex, bite into their prey, and hope to break the bones that are that big. Therefore, 
they were trying to bite flesh off the outside and probably moving away from the prey while the wound weakened 
their prey, and therefore, they could come in and finally eat their prey. 


The thing is that in South America we were seeing an arms race. Sauropods were getting bigger, and they 
include things like Argentinosaurus, which is found in the same beds as Mapusaurus. Argentinosaurus is one of 
those gigantic Sauropods, and because their prey was getting so big, the carnivores in fact were trying to keep up 
in size and there were limits on this, but they could do it. They had another strategy too, though, for taking down 
their large prey. When we were excavating the Mapusaurus quarry, it took us more than five years to work there 
simply because we have the remains of not just one specimen of Mapusaurus, we have evidence that there were 
nine animals that had died together. The fact that they had died together is a good indication that they had been 
living together up to the time of their death, and the interesting thing is that is suggests very strongly that 
Mapusaurus was a packing animal like some Tyrannosaurs. When you consider the large size of Mapusaurus and 
the fact that, it was going after large Sauropoda Dinosaurs it had an extra edge by being able to attack from more 
than one direction by different members of the pack. 


The fun thing though is that in a way the Sauropoda got their revenge on Mapusaurus. AS we were excavating 
the quarry, we found bones of no other Dinosaurs mixed in with the Mapusaurus bones. It is very clear that these 
animals were together at the time of death. However, we did find footprints, and those footprints were of 
Sauropoda. The Sauropoda that obviously walked across the bodies of the Mapusaurus, probably long after the 
Mapusaurus had died and already been buried in part by the sediments, but the Sauropoda pushed many of the 
Mapusaurus bones deep into the sediment, and in that sense the Sauropoda got revenge. 


While the Carcharodontosauridae and Allosauridae largely displaced the Megalosauroidea as the dominant big 
terrestrial carnivores, one offshoot of the Megalosauroidea line found success and refuge as semi-aquatic 
predators. In many ways, the Spinosauridae are Theropods that were trying very hard to be crocodiles. 
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3.1 Spinosauridae Adaptations 


Which of the following adaptations did Spinosauridae share with crocodiles? 
More than one answer might be correct, so select all the answers that you think apply. 


A. _ Tall conical teeth for catching fish C. = Sprawling limbs 


B. Hides armored with bony plates D. — Elongate and narrow jaws for fast snapping 
through water 


A and D are the correct answers. Spinosauridae have tall, conical teeth that were adapted for catching fish. In 
some Spinosauridae, the teeth also lack serrations. This is another crocodile like feature. It is an adaptation for 
spearing and holding onto fish. Finally, Spinosauridae have long and narrow snouts, like crocodiles. 


Were Spinosauridae good swimmers? 


For now, no one knows. It is likely that Spinosauridae had flexible and laterally compressed tails to help them 
swim. However, to date, no Spinosauridae specimen with a good tail has been found. Their tail shape is unknown, 
and that is a real shame, because the tail of the Spinosauridae would tell us a lot about how well they could swim. 
Similarly, while some paleontologists have speculated that Spinosauridae had webbed feet to help them paddle, 
there is currently no fossil evidence of webbing to support that speculation. 


Illustration 21: Baryonyx 


Perhaps the best evidence that Spinosauridae were semi-aquatic comes from the ribcage of the European 
Spinosauridae Baryonyx. Inside were fossil fish scales that show signs of being corroded by digestive acids. 
However, also included in the stomach contents were bones of juvenile Ornithopoda Dinosaurs. This shows that, 
while Spinosauridae were specialized to prey on aquatic animals, they were still capable of taking terrestrial game. 


Among Spinosauridae the genus Spinosaurus also deserves special note. Its exact size is unknown because of a 
lack of complete skeletons. However, many estimates put Sp/nosaurus at over 16 m in length and 10 t in weight. 
This makes Spinosaurus a contender for the title of world's largest Theropod. It also must rank among the most 
spectacular. The name Spinosaurus refers to the tall neural spines of its dorsal vertebrae. Some of which exceed 
2m in height and collectively form an arching sail down its back. The function of the sail is debated but it 
dramatically enhanced the animal's profile and probably served as a sexual display structure. 
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3.2 Ancient Continents 


Illustration 22: Pangaea 


In the Cretaceous period, the single mega-continent called Pangaea had broken up into a few larger 
landmasses. Laurasia was found in the northern hemisphere, while Gondwana was found in the southern 
hemisphere. 


If fossils from a certain Dinosaur family were found today in Madagascar and 
India, would that family have originated on? 


A. Laurasia B. Gondwana 


The answer is B, Gondwana. India was a land mass that used to exist in the Southern Hemisphere. Over time, it 
drifted north, slammed into modern Asia, and raised the Himalaya Mountains in the process. 


That leaves the Ceratosauria. Their Cretaceous legacy were the Abelisauroidea. Abelisauroidea were restricted to 
the Southem land mass of Gondwana, but there they thrived. Small Abelisauroidea include the snaggle-toothed 
Masiakasaurus from Madagascar. Larger forms indude Manjungasaurus, also from Madagascar, Rajasaurus from 
India, and Carnotaurus from South America. 


Illustration 23: Carnotaurus 


These larger Abelisauroidea have characteristically ugly mugs. Their snouts are short, and the surfaces of their 
skull bones are rugose, implying a horny, keratinous covering. In many cases, short horns or lumpy bulges are also 
present. These cranial lumps are generally thought to be sexual display structures. The teeth of Abelisauroidea are 
small, but their neck muscles are large, and this has been interpreted as evidence that such Abelisauroidea 
attacked by opening their mouths and swinging their heads downward on to their prey. Although individual 
Abelisauroidea teeth were short the rows of teeth worked as a collective whole to slice into their victim like a 
cleaver. Large Abelisauroidea, like Carnotaurus, also had greatly reduced arms, even smaller, and stranger than the 
famously short arms of 7yrannosaurus Rex. 
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We have now covered a lot of Theropod groups. 
Where do they fit in relation to Birds? 


The Carnosauria is one of two major Theropod lineages that are included together in the group known as the 
Avetheropoda. This name literally means 'Bird Theropods'. Avetheropoda are unified by traits that persist in modern 
Birds, including two particularly noteworthy ones. The reduction of the forth digit in the hands, making each hand 
three-fingered, and an extremely complex pattern of skeletal pneumatization. 


3.3 Closely Related To Birds 


Think about all the avian traits we discussed back in lesson one. 


Which of the following major Theropod groups is the most closely related to 
Birds? 

A. Megalosauroidea Cc, Ceratosauria 

B. Allosauridae D. Dilophosauridae 

The correct answer is B, Allosauridae. As Carnosauria with three-fingered hands and highly pneumatized 


skeletons, Allosauridae share a number of key traits in common with Birds. However, they are still a long way from 
the main avian lineage. 


Birds did not arise from the Carnosauria, but from the second major Theropod lineage, included in the 
Avetheropoda, the Coelurosauria. Among the ranks of the Coelurosauria are sprinters, diggers, climbers, tyrant 
kings, scythe-wielding mavericks, and the ultimate Theropod survivors, and they are the group we will be exploring 
in a later lesson. 
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Coelurosaurs 
1 Early Coelurosaurs 


We are naturally fascinated by the majesty and power of large carnivores, whether they are lions, sharks, or 
Tyrannosaurs. We are excited by the thought of them despite how dangerous they are. However, in most 
ecosystems, apex predators are vastly outnumbered by a slew of smaller body predators. Although, the 
Ceratosaurs, Megalosaurs, and Allosaurs, ruled at the top of the late Jurassic food chains, they coexisted with 
various smaller carnivorous Theropods. Being smaller, such Theropods had smaller bones, and that is made their 
fossil skeletons much harder to find, but we know they were around. 


Ornitholestes 


Compsognathus 


Among the Middle and Late Jurassic’s' tinier Theropods, there where animals like Ornitho/estes, Coelurus, and 
their old friend Compsognathus, these little predators belong to a group of Theropods that are known as the 
Coelurosauria. The members of the Coelurosauria, which we call simply Coelurosaurs, started out in the 
Middle Jurassic at the size disadvantage; however, they had other things going for them. 


In the middle and rear portions, they are slender tails, they were exceptionally elongated Zygapophyses, and 
Zygapophyses are little forwards and backwards projecting prongs. These prongs, overlap with those adjacent in a 
series, to strengthen the vertebral column, and the extra long Zygapophyses of Coelurosauria tails held their tails 
extra stiff. 


What good was that? 


It certainly meant that it was easier for Coelurosaurs to hold their tails passively up and off the ground. 
Additionally, by preventing the back half of the tail from sagging and flopping around, Coelurosaurs may have been 
better able to use their tails as dynamic stabilizers while running. That is, when trying to make a tum at high 
speeds, they could swing their tails to one side to help them maintain balance and overcome rotational inertia. 


Coelurosaurs also had more vertebrae connected directly to their hipbones. This stiffened their bodies and made 
the hips slightly stronger anchors for leg muscles. Their legs and feet were also different. Their metatarsals were 
long and narrow; also, the tibia was long substantially lengthening the leg. This meant that every step a 
Coelurosaur took covered more ground. When running at their maximum gate, this made Coelurosaurs faster. 


1.1 Coelurosaur Adaptations 
So far, you have learned about early Coelurosaur adaptations, the stiff tail, and long legs. 
This made Coelurosaurs: 


A. Apex predators Cc, Great climbers 
B. Fast and agile 


Coelurosaur adaptations made them fast and agile. Therefore, B is the most correct answer. 
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Most of the defining features of the Coelurosauria are adaptations for improved speed and agility. Coelurosaurs 
may have been pressured to adapt in these ways because of their size. Being smaller, Coelurosaurs were forced to 
feed on smaller, quicker, and more agile prey, and they needed to be able to escape from the larger members of 
other Theropod groups. Coelurosaurs also posses relatively large brains and are characterized by slender grasping 
hands with three fingers. Evidently, the adaptations of Coelurosaurs serve them well. They survived the drastic and 
diversified in the Cretaceous. 


Some Coelurosaur groups grew larger, some evolve to bravery, and some took to the skies. It is within the 
Coelurosauria, that the ancestors of Birds arose. As such, Birds are classified as a kind of Coelurosaur. This makes 
Coelurosaurs the longest lived of any Dinosaur lineage, but even without Birds, they would easily rank as the most 
diverse of all major Theropod groups. In this lesson, we will journey through the evolutionary history of the 
Coelurosaur family tree and meet the many non-avian families that arose prior to the direct Bird branch. 


Illustration 24: Compsognathus 


Let us begin with the Compsognathidae. This is the group which little Compsognathus belongs to, and 
Compsognathus is a good representative of the group as a whole. Compsognathus was small and slender with 
extremely long tails relative to the rest of their bodies. Spectacularly well-preserved Compsognathus specimens had 
been discovered in European limestone deposits and in Chinese lake-bed shale deposits. Some of these specimens 
preserve not only the skeletal anatomy, but also some soft tissue. That has made the anatomy of Compsognathus 
among the best understood of all non-avian Theropods. Such specimens include preservation of integument, 
ligaments, the correctness covering of claws, and, in particularly rare cases, even the form of internal organs. Also 
included in the digestive tract of some Compsognathus specimens are the partially digested remains of other 
animals. These fossil gut contents have told us a lot about Compsognathidae diets. 


1.2 Compsognathidae Menu 
Which of the following do you think was on a Compsognathidae menu? 
More than one answer might be correct; therefore, select all that you think apply. 


A. — Small lizards Clams 
B. — Fish D. Birds 
Compsognathidae ate a lot of things, but cracking the shells of dams and other mollusks is something these 


little Dinosaurs jaws were not strong enough to do. However, lizards, fish, and even Birds are all known to have 
been Compsognathidae chow. Therefore, A, B, and D are correct. 
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The gut contents of the Compsognathidae Sapionyx from Italy reveal that it ate small lizards and fish. Scipionyx 
lives on what was then a series of small islands. Therefore, it is no surprise that it had a taste for seafood. Gut 
contents from Compsognathidae Sinosauropteryx also indude lizard bones, as well as those of small Mammals. Gut 
contents are also known for multiple spedmens of the Chinese Compsognathidae Sinocalliopteryx. In one specimen, 
the bones of early Birds litter the inside of the rib cage. How Sinocalliopteryx caught these Birds is unclear. Like 
modern cats and foxes, it may have been a particularly stealthy hunter, able to sneak up on Birds while they were 
on the ground. 


Illustration 26: Sinocal/liopteryx (Life restoration) 


The gut contents of another Sj/nocalliopteryx specimen include the dismembered leg of a _ small 
Dromaeosauridae. Dromaeosauridae are kind of predatory Dinosaur better known as Raptors. Although, 
Dromaeosauridae were predatory Dinosaurs themselves, Sj/noca/liopteryx is among the largest known 
Compsognathidae. It measured almost 8 feet long, and its size allowed it to take down some prey that would have 
been too dangerous for its smaller cousins. That is one of the advantages to growing bigger. Animals that were 
once a threat to you start to become animals you can eat. That simple principle had a big influence on the 
evolution of the next Coelurosaurs. 


When people think of meat-eating Dinosaurs, they generally think first of 7yrannosaurus Rex. Because of the 
fact that they think this is the typical meat-eating Dinosaur, they forget that, in fact, this is one of the very last and 
the most-specialized Dinosaurs. We used to think that 7yrannosaurus developed from an earlier Dinosaur called 
Allosaurus, but now we know that in fact, it is much more specialized than that. It is much more closely related to 
Dromaeosaurus and Ornithomimidae. 


We know that because of very specialized features throughout the skeleton but espedally in the hind legs. 
Therefore, when we look at the foot, what we see is a condition called the Arctometatarsalian foot. First, the 
metatarsals, the bones of the flat of the foot, are very elongate and relatively narrow. Secondly, when we look at 
the middle toe, the third toe, it in fact, becomes pinched out between the other two toes. There, we have very 
specialized joints lower in the foot, which transfer stresses that come from the middle toe when it hits the ground 
first into the two toes to either side of it. What that allows is this bone to become, first, longer for better 
mechanical advantage when it is running, secondly, it becomes very spring-like, because all of the stress is relieved 
from this toe and pushed into the two side toes. 


When we compare a tyrannosaur foot with the foot of a Duck-billed Dinosaur, we see the differences instantly. 
We see that the Duck-bill foot is much shorter and broader in all aspects throughout, and we do not see the 
Arctometatarsalian condition. What this tells us is that pound for pound, a tyrannosaur or another one of the 
Coelurosaurs is going to be much faster than an equivalent-sized plant-eating Dinosaur, and they could almost 
always catch something about the same size as them. 


1.3 Tyrannosaurs 
Which of the following Dinosaurs were Tyrannosaurs? 
Select every correct answer. 


A. Velociraptor Cc. Tyrannosaurus 
B.  Albertosaurus D. Gorgosaurus 


B, C, and D are all Tyrannosaurs. The Ve/ociraptor is not. 


By the end of the Cretaceous, Tyrannosaurs dominated all of the ecosystems in the northern hemisphere. 
Because there were many environments and many kinds of prey, Tyrannosaurs were quite diverse animals. 
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Illustration 27: Daspletosaurus (Skull) 


This is Dagpletosaurus, and Daspletosaurus is a form from Southern Alberta that was probably the direct 
ancestor of 7yrannosaurus Rex. However, like 7yrannosaurus Rex, it has all of the features that help define the 
family. When we look at Daspletosaurus, we see that the back of the skull is, in fact, very broad. The reason for 
that is that tucked in behind there, we have the jaw muscles, and the jaw muscles have become incredibly powerful 
in Tyrannosaurs, for a reason we will discuss in a moment. 


Another thing that happens because of the broad back of the skull is that the eyes, in fact, are facing forward. 
When both the left eyes and the right eyes are looking at something in the front, they have overlapping fields of 
vision. Therefore, these animals had stereoscopic vision the same way that we do. They could be much more 
precise in terms of judging the distance to their prey and picking what part of the prey they wanted to attack. 
Therefore, these animals are very precise because of their stereoscopic vision. 


The powerful jaw muscles, in fact, are operating the lower jaws. We see in the lower jaws that the depth of the 
jaws is reflecting the powerful bite, because if it is too narrow, then they are going to break their jaw. The same 
happens in the front of the face. The height of the skull here is very deep, and that is because this has to support 
the bite with these teeth. 


There are other things that are happening here that are quite amazing, for example, these gnarly looking nasal 
bones have fused together to give greater basal support for these jaws, and there is movement in these jaw so that 
the teeth do not break when they bite too hard into something. 


The teeth are amazing. The teeth are very deep, number one. Secondly, although they have serrations on the 
front and the back, and the temptation is to call them steak-knife equivalents, the reality is that these teeth are 
more like bananas. They have serrations down the front and the back so that they, in fact, can bite through the 
flesh of their prey, but they are thick banana-like teeth so that they can break the bones of the animal that they are 
biting into, as well. 


All the teeth are large, thick, and very, very powerful, except for the teeth at the front of the jaws. The 
premaxillary teeth, the teeth in the premaxilla, are a little bit specialized. First, when you look at the premaxillary 
teeth of a tyrannosaur, you can see that they are very small, compared to the teeth in the cheeks of the animal. 
Secondly, when we look at the serrations, they do not run down the front and the back of the tooth, as they do in 
most Theropod Dinosaurs, both rows of serrations are on the back of the tooth. When we look at the cross-section 
of the base of the tooth, we see it is D-shaped, and the D-shaped cross-section is somewhat similar, at least 
functionally, to our incisors. Therefore, these animals were using their incisors in much the same way that we use 
them. They were using it to nip the flesh off the bone. The back teeth, again, were incredibly well adapted for 
biting into flesh and breaking bones, and processing animals' front teeth are very different. 


Tyrannosauridae did not just suddenly get big. They bulked up gradually over evolutionary time, and are 
descended from smaller Tyrannosauroids. Early Tyrannosauroids, like Guaniong and Dilong from China, and 
Eotyrannus from Europe, were about the size of the modern leopard. Living alongside many gigantic carnivorous 
Dinosaurs, these Tyrannosauroids were both hunters and hunted. At such a size, and with long arms and 
lightweight skulls, they bore only a faint resemblance to later and more advanced Tyrannosaurs. To survive, early 
Tyrannosauroids relied on their Coelurosaurian, long hind legs, which helped them to outrun both prey and 
predators. As later Tyrannosaurs evolved, and gradually fought their way to the top of the food chain, speed and 
agility remained key to their success. 


An extreme increase in absolute body size across the evolutionary history of a lineage is referred to as 
gigantism. We have already met many other Theropod groups that display a trend towards gigantism. 
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2 Theropod Gigantism 


You recall which other Theropod groups show gigantism? 
More than one answer may be correct, so select all that apply. 


A. = Spinosauridae G Compsognathidae 
B. Carcharodontosauridae D. Coelophysoidea 


A and B are the correct answers. Some Spinosaurids and Carcharodontosaurids grew to be very large predators. 
On the other hand, Compsognathidae and Coelophysoidea did not. 


Among Tyrannosauroids, gigantism eventually led to the advanced Tyrannosauridae. This group includes such 
colossal predators as A/bertosaurus, Tarbosaurus, and, of course, 7yrannosaurus Rex. The Tyrannosauridae first 
appeared in the Late Cretaceous, and ruled as the dominant large carnivores across North America, Asia, and 
Europe, displacing, it seems, previous top predators like the Carcharodontosauridae. The size was not the only 
thing that changed over the course of tyrannosaur evolution. Tyrannosaurs are famous for having tiny arms relative 
to their great body size. 


12-meter-long 7yrannosaurus. You can see that the Acrocanthosaurus arm has 3 fingers, while the 7yrannosaurus 
has just two. That, despite coming from a somewhat smaller Dinosaur, the Acrocanthosaurus arm is substantially 
longer. Not only is the 7yannosaurus arm shorter, but the individual arm bones are much skinnier, and the ridges 
for musde attachment are much shorter. This indicates that tyrannosaur arms were proportionately less muscled. 
However, the ancestors of Tyrannosaurs had normal-sized and muscled forelimbs with 3 fingers. 


Why would Tyrannosaurs have evolved short arms with reduced muscles, and one 
less finger? How is that a beneficial adaptation? 


The answer has to do with teeth and balance. 


Here is another comparison. This isthe tooth from Giganotosaurus, which you will recall is an extremely large 
Carcharodontosaurid, and this is a tooth from 7yrannosaurus. Typical of most carnivorous Dinosaur teeth, the 
Giganotosaurus fang has a sharp point and is laterally compressed; therefore, that it has a flattened, knife-like 
shape. The tyrannosaur tooth is different. It is a relatively blunt tip and is thick. As you can see, it is not laterally 
compressed. These differences give the tyrannosaur tooth the potential to do more than simply slice through soft 
flesh. 
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2.1 Tyrannosaur Tooth Function 

Which of the following could the thick, blunt teeth of 7yrannosaurus do better 
than the sharp, compressed teeth of Giganotosaurus? 


A. Capture fish Cc Chew 
B. Crush bone D. Sever tendons 


B is the correct answer. 7yrannosaur teeth were adapted for bone crushing. 


When biting down hard on solid bone, most carnivorous Dinosaur teeth would have been in danger of snapping. 
However, 7yrannosaur teeth were stout enough to punch right through. Bone shattering teeth could have dealt 
crippling wounds. However, they came with a cost. Such teeth could only function properly with the aid of 
enormous jaw muscles. Inadequately muscled jaws would have made Tyrannosaurs top heavy. 


Because they stood on their hind legs and held their spinal column parallel to the ground, carnivorous Dinosaurs 
were built like a seesaw. Growing big jaw musdes added weight to the front half of the seesaw. The evolutionary 
solution was to shrink the arms, which reduced the total weight in the front and allow 7yrannosaurus to stay 
balanced, but still gain biting power. 


This pattern of adaptive give and take is observable throughout the fossil record. Early Tyrannosauroids had 
long arms with three fingered hands, but relatively weak jaws and compressed teeth. Gradually, over millions of 
years, the arms shrank, the jaws strengthened, and the teeth swelled. The ultimate result was the two-fingered, 
short-armed, powerfully jawed, and thick-toothed spedes 7yannosaurus Rex. 


The most common type of tyrannosaur found in Alberta is, not surprisingly, A/bertosaurus. Albertosaurus are 
slightly smaller versions of 7yannosaurus Rex Never the less these are animals that would have been quite 
voracious, and these are animals that you would not wanted to have met in a dark alley by any stretch of the 
imagination. Tyrannosaurs are classically thought of as lone hunters. The reason we think of them that way is that 
their remains are relatively rare. In Alberta, for every single 7yrannosaur skeleton we find, we find 19 skeletons of 
plant eating Dinosaurs; Ankylosaurs, duck-billed Dinosaurs, Ceratopsian Dinosaurs, and so on; therefore, because 
they are so rare it is not unusual to find only one animal in one quarry. 


However, in 1910 we know that something else happened. When I was in New York in 1996 looking at 
specimens collected by Barnum Brown, Brown's specimens included parts of 9 skeletons of A/bertosaurus, which 
were collected all from the same site on the Red Deer River. This really excited me, because if you can find 
9 skeletons in one single place on the Red Deer River, what does that mean for their behavior. 


What does that mean for the ecosystem overall, of those Dinosaurs from then? 


I went into the collections of the American Museum, and looked at the archives. Brown's field notes were not 
very helpful. He just did not keep good field notes. He talked about the bone bed; he talked roughly, where it was 
along the Red Deer River, but that is all the information we had. I could tell from the collection that he had made, 
that he realized that this was an important site. He probably had an intention to publish a paper on the fact that he 
had found this site with so many A/bertosaurus in one single place. However, he never got around to it because he 
had so many Dinosaur discoveries to report on that this specimen and the site eventually just was forgotten. 
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There were photographs as well in the collection. Using those photographs in 1997, we repeated Brown's trip by 
floating down the Red Deer River and trying to re-find the A/bertosaurus bone bed. One of those photographs 
turned out to be the winning combination of scenery and the right region as far as what the field notes and the 
letters in the American Museum suggested, and we found once again Brown's site. 
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As suspected, Brown had not collected everything. He had only worked there for three weeks. The rock was 
hard, and he only had one assistant at that time. Therefore, what he collected was in fact the remains of individuals 
that could be counted based on one single part of the body. What he was doing was collecting just the feet, and 
these are articulated feet, where the bones are all together still, and he was collecting mostly left feet, and that told 
him how many individuals were represented in the bone bed. We suspected from the way that collection was made 
that Brown had not collected skulls, he had not collected vertebral columns, and he had not collected the rest of 
the skeletons. That material should still be in the field. When we refound the site in 1997, it became very evident 
that Brown had done exactly that. He had been high grading so that he would know exactly how many individuals 
were there. 


The curious thing is that Brown thought that all the smallest specimens that he collected, which were very 
slender and elongate belong to not 7yrannosaurs, but to Ornithomimids. We realize now that those were not 
Ormithomimids. They were in fact young 7yrannosaurs, and that those young 7yrannosaurs were built very 
differently in their body shape than the adult 7yrannosaurs. In 1998, we reopened Barnum Brown's 1910 quarry, 
and we worked it until 2010, one century after brown had found the site. In that time we increased the numbers of 
individuals from the nine that Brown had known about to > 20 individuals of A/bertosaurus. 


We found the remains of some plant-eating Dinosaurs mixed in. Those plant eaters seemed to have been there 
incidentally they were bones that were washed in later on. They had nothing to do with the genesis of the 
Albertosaurus bone bed itself. Therefore, here in one site in Alberta, we had more than 20 individuals in the same 
place. Because these animals are so rare, it was very clear that the inddence or the recovery of all those individuals 
in one site was not accidental. 


There had to be a reason to explain why these animals had all died in the same place at the same time. The 
best evidence we had looking at modern ecosystems and many of the fossil sites that have been studies in Alberta, 
is that perhaps these animals were gregarious at times. That is they moved in groups or they lived in groups, and 
that it was one of these gregarious groups that had suffered a mass death for some reason, about 70,000,000 y 
ago. 


Looking at the evidence in the field, I think the evidence strongly confirmed that these animals had died 
together. The interesting thing was that they consisted of individuals that were smaller than I am to animals that 
were as big as one of the smaller 7yrannosaurus Rex specimens that is, they are animals that we know would have 
been anywhere from 2 years to more than 20 years old. The fact that they were different ages showed us they 
were not together, because they were breeding. 
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What other explanations can you possibly have? 
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To try to explain it, we look to the modern world, to see what range of gregarious behavior is possible in 
modern carnivores. I was very lucky, in 2010, to be able to go to Komodo National Park in Indonesia to look at 
Komodo dragons. Komodo dragons are normally thought of as individuals, but at certain times they become 
gregarious groups, and that is when food is available, and at that time what they are capable of doing is working 
together to consume that available food. In my case, I was able to watch them take apart the carcass of a wild 
boar. There were 9 adult Komodo dragons, and they tore it apart so efficiently even though their teeth are very 
small, smaller than my small fingernail, they tore it apart so efficiently that 20 min since they started that wild boar 
that was larger than most of those Komodo dragons has been eaten completely. All what remained was the smell 
of the boar itself. 


That is one kind of gregarious behavior, all those animals were the same species, they outnumbered the plant 
eater, and they were all in the same place at the same time. If there had been some catastrophe that happened 
then of course that could have explained why there were so many Komodo dragons or carnivores together at that 
one time. 


To look at the other range of gregarious behavior, I was also lucky in 2010 to go to Africa; night after night 
follow a pride of lions as it made its way, trying to hunt food and take it down. This was very interesting because 
they did it in a very different way than Komodo dragons; they were hunting cooperatively. As they moved across 
the veld at nighttime they became aware of potential prey, each one realized it had a different role. Without 
communicating with each other at least vocally in any way, they managed to encirde the potential prey and then of 
course attack it from all sides. Therefore, co-operative hunting in lions is very famous and it is certainly the most 
sophisticated kind of gregarious behavior we see in hunters. 
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With animals like A/bertosaurus, we do not exactly know what they are doing. We are looking at other kinds of 
clues that are from something that happened 70,000,000 y ago; therefore, always the clues are not what you 
would like them to be. However, the fact that we have both juveniles and adults in this pack of A/bertosaurus along 
the Red Deer River strongly suggests that they were not doing what Komodo dragons do. In the case of the 
Komodo dragons, there were nine large individuals. They young were in the area, and they were hoping to get in 
on this too but they were afraid of the adults, because they will be eaten by the adults! Consequently, they stay 
away from the whole thing. In that case, with the Komodo dragons the young never have to eat at all. 


In this case, with the A/bertosaurus it was more like a pride of lions, small animals moving with large animals 
and taking part in the hunt. With A/bertosaurus we realize that those very lightly built, young animals were 
probably like young lions. They were faster and more agile, and maybe they took part in the hunt, in fact by being 
the ones that would move into the herds of large plant-eating Dinosaurs and try to chase something out. If they 
could kill it, of course they would do that, but if they could not kill it, what they would try to do was push that prey 
towards the ferocious jaws of the adults and they would do the work. Therefore, this kind of cooperation is 
possible, and it is fun to speculate on; I do not know if we will ever prove it, but still, Dinosaurs are more 
sophisticated than we generally think they are. 


Ornithomimids are one of the more specialized groups of Theropod Dinosaurs, in fact, in some ways they do not 
even look like Theropod or meat-eating Dinosaurs because they lack teeth in their jaws. These Dinosaurs are very 
Bird-like in appearance and that is what gives them their name; Ornithomimid means 'Bird mimic’. They are also in 
some cases called ‘Ostrich mimic’ Dinosaurs or Séruthiomimus. This particular one comes from Alberta and it is 
called Dromiceiomimus, which means 'Emu mimic. They are all quite similar in body form, and these Dinosaurs 
have relatively small bodies. Most of them are not too much larger than a grown man today, but they all have long, 
hind legs, relatively small skulls, long arms, which are very different from what we see in Tyrannosaurs. 
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When we look at all these features collectively, we can see that they are very Bird-like overall. The skull itself 
lacks teeth and we know from some specimens that have been found in both Alberta and Mongolia, that in fact, 
there was a keratinous beak on the outside, looking very much like a modern Ostrich that way. The brain is 
relatively large, and although we tend to think of Birds having small brains, they in fact do have large brains and so 
does this Dinosaur. The eyes are also very, very large and that certainly reinforces the similarity to a modern 
Ostrich. 


These animals have long necks and the rib cage supports the arms, which are quite long, as I mentioned. 
However, the hands end in three claws, and these claws can be quite variable in appearance, suggesting that 
different species of Ornithomimids were in fact eating different things. When we go to the hind legs, the hind legs 
are very elongate and this animal stands about the same height as an Ostrich, but if you looked at the leg 
proportions, we would see both similarities and differences. 
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For example, we would see that like an Ostrich, an Ostrich mimic Dinosaur has very long lower leg parts. 
Therefore, the tibia and fibula are quite elongate, and the foot is also elongate; the flat earth foot elevates the 
animal well off the ground. The femur is a little bit different, and the femur is longer in an Ostrich mimic Dinosaur 
and more mobile then what we would see in a modern Ostrich. That is because the limb mechanics are in fact quite 
different in these two types of animals. In the Ostrich, you do not have a long tail, you have a short bony tail, and 
there is no way that the muscles that power the legs of these Ostrich mimic Dinosaurs could exist in an animal like 
a modern Ostrich. 


Ormnithomimids are without a doubt some of the fastest Dinosaurs that ever lived. These Dinosaurs had their 
competition though, because in recent years we have realized that a close relative of the Ostrich mimic Dinosaurs, 
when it is young, in fact a 7yannosaur looks very much like an Ostrich mimic Dinosaur in terms of its body 
proportions. Therefore, those long legs of an Ostrich mimic Dinosaur probably had their match in baby 
Tyrannosaurs and, for a time, they were using the great speed that these animals had just to escape 7yrannosaurs, 
I am Sure. 


2.2 Shared Traits 


Omithomimids mimic large, flightless Birds in a number of ways. 
Which of the following traits do Ornithomimids and ostriches not share? 


A. A toothless beak of A long muscular tail 
B. Long legs D. A body covering of feathers 
The correct answer is C. Unlike modem Birds, Ornithomimids still had long muscular tails. 


Ormithomimids belong to a large group known as the Ornithomimosauria. The most primitive Ornithomimosaurs 
that we know of appear in the Early Cretaceous, and still had some teeth. Very recently, it is become clear that 
there are two major groups of advanced Ornithomimosaurs. Ornithomimids like Dromiceiomimus and the 
Deinocheiridae. 


Compared to the other Ornithomimids Deinocheirids were generally larger and had proportionately shorter legs. 
The most famous of the Deinocheirids is the group's namesake De/inocheirus. Since Dejinocheirus was first 
scientifically described in 1969, it is been clear that it was among the largest of all Theropods. But for more than 
40 y, this colossal Dinosaur remained shrouded in mystery. 


Illustration 28: Deinocheirus 


People are fascinated with Dinosaurs because many Dinosaurs in fact are very bizarre next to the animals that 
we see today. I would like to talk about one of the strangest Dinosaurs, an animal called Deinodheirus because it is 
one that fascinated me in my own history. Deinocheirus was an animal that was originally discovered in Mongolia in 
1965. Deinocheirus was based on long arms, and hands with very large claws, and they give the animal its name, 
which means terrible hand. Deinocheirus though is only represented by arms and hands, and that is because the 
rest of the skeleton had been eroded away before the specimen was found. 


We have always been very curious as to who exactly Dejnocheirus is. You can make extrapolations from the 
arms, and you can estimate the size of the animal for example. However, it depends on whom it is related to, as to 
what that size ends up being. For example, if you compare the arms of a Deinodheirus, which are 2 m long, are 
much bigger then the arms of 7yrannosaurus Rex. If you extrapolate the size of 7yrannosaurus Rex based on arms 
of that size, you end up with an incredible figure of more then 30 or 40 m long, which is very big for a carnivorous 
Dinosaur. However, if you make the comparison with animals like Ostrich mimic Dinosaurs, which have relatively 
long arms, the Deinocheirus becomes an animal about the size of a 7yrannosaurus Rex. 
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Because we did not have enough information in the hands, in the arms, to be sure what kind of Theropod 
Dinosaur this was, and when we started our project in Mongolia to hunt for new Dinosaurs, Deinocheirus was at the 
top of the list. I really wanted to find the original quarry where Deinocheirus came from, first, to see if any bones 
has been left behind that might give us a clue as to its relationships, but of course, the big dream is to find new 
specimens, ones that are more complete, that might include parts we have never seen before. 


Deinocheirus is a very strange Dinosaur based on just the arms, because they are so big. We had no idea how 
bizarre this Dinosaur would turn out to be when we rediscovered the quarry in 2008. We had at that point though 
collected part of another skeleton, and this skeleton did not include the arms. We realized it was a very bizarre 
animal. We were trying to figure out exactly who it was when we found the second specimen. This second 
specimen really blew us away, because that specimen included an arm. There is no question that that arm was the 
same as the arm of De/nocheirus. 


Now, we have to paint a picture of this Dinosaur, because, it is not what we expected to find. We saw enough 
information on the skeleton to show that one of the early suppositions was in fact correct. This is a Dinosaur dosely 
related to the Ostrich mimic Dinosaurs, most of which are about my height, an animal had become very, very large. 
In becoming so large, of course, it had the long arms and the very huge terrible hands, but other parts of the 
skeleton had also become very disproportionate. Therefore, the skull, for example, turned out to be not a little skull 
with a sharp beak, looking a little bit like an Ostrich skull. It turned out to be a skull that was more than a meter 
long, and that skull ended in a broad Duck like bill at the front. If you looked at it superficially we were not looking 
at a Theropod Dinosaur at all, it looked like a Duck-billed Dinosaur. 


We saw the same kind of thing in the feet because this animal was as big as a 7yrannosaurus Rex. It was 
bearing a lot of weight. It probably lived in a, fairly, wet area, and the claws on the end of the feet were not sharp 
anymore as they are in Ornithomimids. They in fact had become very broad and again looked like the hoof-like 
claws of the Duck bill Dinosaurs. 


A strange feature was that although the main body of the vertebra looked very much like a vertebra of an 
Ostrich mimic Dinosaur. The spines had become incredibly tall, and, in fact, this is an animal that had a sail-like 
back, because of the fact that the spines were more than a meter long. Overall, this very, very strange Dinosaur is 
definitely related to the Ostrich mimic Dinosaurs. Nevertheless, it had gone through many changes, probably 
because it was living in a different kind of environment, and by its large size it maybe escaped predation from the 
Tyrannosaurs. 


What did it eat? Exactly what it did? 


There is still mysteries surrounding there but we have some clues. For example, from the second specimen we 
found also the stomach contents, and the stomach concluded stones. Like many modern Birds that swallow stones 
to help them grind up plant material, it appears that this Dinosaur was a plant-eater at least part of the time. 
However, mixed in with those stones were also fish vertebrae and scales. That suggests that this Dinosaur may 
have been living in a very wet environment by the shore and eating both plants and fish. There are many mysteries 
still surrounding this Dinosaur, but it is certainly one of the strangest Dinosaurs that we have discovered until to 
date. 
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Working our way up the Silourisaur family tree, we have now reached a critical point. From here on all the 
Theropods we will meet, belong to a sub group known as the Maniraptora. Among other anatomical traits that all 
Maniraptora share is a specialized form of wrist bone called a semi-lunate carpal. A semi-lunate carpal is a wrist 
bone that has a crescent moon shape. A semi-lunate carpal granted Maniraptorans greater wrist flexibility In certain 
directions with them. Maniraptorans hands could twist strongly towards what on us is the pinky side. This is a key 
trait to take note of, because that wrist flexibility is important to the wing control of Birds. It also allows Birds to 
fold their wings tightly against their bodies when resting. 


What advantage did the extra wrist flexibility of the semi-lunate carpal give 
Maniraptorans? 


More than one answer might be correct, so select all the answers that you think apply. 


A. Better grip when climbing trees Cc Improved pray capture 
B. — Greater strength when digging D. Increased maximum weight support 


The correct answers are A and C. Semi-lunate carpals gave Maniraptorans an advantage in capturing prey and 
climbing trees. 


Illustration 29: Therizinosaurus 


Among the Maniraptora is a bizarre group Theropods called the Therizinosauria. It has been said that 
Therizinosaurs looked like Dinosaurs built by an indecisive committee. Late advanced forms include giants that must 
have weighed >5 t. Yet, their heads were small. Their mouths contained both a beak in the front and teeth in the 
back. These relatively small teeth had the leaf shaped form of an herbivore. 


However, Therizinosaurs had long arms that each ended in three enormous and terrifying site like claws. Their 
necks were long and their tails were short. Their bodies were rotund with a pelvis adjusted to support large guts. 
Their legs were short by Silourisaur standards, and all four of their toes contacted the ground, this included the 
normally raised hallux. Although the sum of a Therizinosaurs parts is a strange sight, these adaptations were far 
from mismatched. 


Therizinosaurs were probably herbivorous browsers that used their elongated necks to feed high on growing 
vegetation. The small heads were easier to support on such long necks, and the beak at the front of the mouth was 
used to crop off the vegetation, while the teeth in the rear diced it up for swallowing. Because plant material is far 
more difficult to digest than meat, Therizinosaurs needed longer and larger digestive tracts. That was why they had 
the modified pelvis and the rotund body. Such a proportionately heavy body was easier to support and balance on 
short legs, especially with the aid of the extra weight-bearing toe. 


In addition, the huge claws, well heavy and short-legged, 7herizinosaurus would have been easy meals for 
many predatory Dinosaurs, including their contemporary fellow Coelurosaurs, the 7yrannosaurus, and their claws 
were probably vital weapons used in self-defense. Let us take a moment to recap. 
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2.3. Theropod Bird Traits 
Which of the following Bird traits have we encountered in Theropods up to this 
point? 

More than one answer might be correct. So select all the answers that you think apply. 


A. Complex feathers CG Keeled sternum 
B. — Feet with three forward pointing toes D. Semi lunate carpals 


A, B, and D are correct. We have yet to meet a Theropod with a keeled sternum in this course. However, that is 
about to change. 


We are now very close to the branch from non-avian Theropods to Birds. The next Theropod groups are all so 
Birdlike that paleontologists have struggled to distinguish them from true Birds. The Alvarezsauridae is a prime 
example. 


Illustration 30: Shuvuuia, an Alvarezsauridae 


Alvarezsauridaes are small Theropods covered in simple feathers and have a number of anatomical traits that 
seemed at first to suggest that they were an extinct group of flightless Birds. Their skulls have narrow snouts, and 
their jaws have only miniscule teeth. Those features appear to indicate that they were well on their way to evolving 
beaks. 


Even more Bird-like are their chests. Their sternums are keeled and enlarged. In Birds, such adaptations are for 
the attachment of large breast muscles that are critical for flight. Their shoulders and arms were also heavily 
muscled, again, consistent with the demands of flapping flight. However, it turns out that Alvarezsauridae had 
evolved these traits for an entirely different reason. 


2.4 Modern Alvarezsauridae Analogs 


Which of the following animals has a narrow snout, reduced teeth, and strong 
chest and arm muscles? 


More than one answer could be correct, so check all the answers that you think apply. 


A. = Anine-banded Armadillo Cc. A bottle nosed Dolphin 
B. Agrey Kangaroo D. Athreetoed Sloth 


The correct answer is A, a nine-banded armadillo. Grey kangaroos are grazers, and have robust teeth, for 
chewing tough vegetation. The bottle-nosed dolphin is a swimmer, and a fish-eater. Grabbing fish like a dolphin 
requires a mouthful of tall, soearing teeth. The three-toed sloth has extremely strong arms for climbing, but it is a 
browser, and has a short snout, and large teeth. 


Armadillos are insectivores, which feed primarily on beetles, ants, and earthworms. To reach these 
invertebrates, they need strong chest and arm muscles for digging. They also have tubular snouts for proving into 
holes, and, because such tiny invertebrates do not require much chewing, they have reduced teeth. It is thought 
that Alvarezsauridaes were also digging insectivores, and they have traits that are more in lying with this 
hypothesis, then with the possibility that they were flightless Birds. 
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Like armadillos, the bones in their forelimbs are short and stocky, and their claws are broad and shovel shaped. 
However, while armadillos have multiple large hand claws and Alvarezsauridae all their fingers and claws were 
reduced, except for the thumb. However, this one digit and its claw were extra large and powerful. Unlike 
armadillos, Alvarezsauridaes lacked armored shells, but since their front limbs were modified for digging, they still 
have the characteristically long hind legs, so running was their best defense. 


3 Bird-Like Traits In Coelurosaurs 


Oviraptosaurs are very interesting Dinosaurs because of the fact that they have this combination of characters, 
things that we expect to see in non-avian Theropod Dinosaurs like the long legs that end in claws, the 3 fingers in 
the hand, the long tail, and so on. However, they also have characters that look very, very Bird-like. The skull that 
has no teeth and has a well-developed beak, it is very deep, looks almost like a parrot skull. The very large eyes, 
the large brain, the long neck is very Bird-like as well. Most Theropod Dinosaurs only have 10 vertebrae in the 
neck. 


Oviraptosaurs are like Birds, they have added extra vertebrae into the neck as well. At the expense of the length 
of the body, this is relatively short. When you look at the hips, the hips are in some ways like a normal non-avian 
Theropod, but in other ways, for example the number of vertebrae that are incorporated into the sacrum, they are 
very Bird-like too. I mentioned the long tail before, and that is a long, bony tail compared to a modern Bird, but as 
far as the meat-eating Dinosaurs are concerned, this is a short tail. It is been abbreviated, and there are far fewer 
vertebrae than you would see in most Dinosaurs. 


The end of the tail has a specialized feature in some of the Oviraptosaurs species, not all of them, but they will 
take the last couple of vertebrae and fuse them together. Moreover, this happens in Birds as well. It is a feature 
that we call a pygostyle, or a 'pope's nose’. It is what supports the fan of feathers at the end of the tail. We think in 
these Oviraptosaurs, they were doing much the same thing as in modem Birds. Therefore, Oviraptosaurs are 
animals that, right from their discovery, have given us some clues about where Birds came from. 


from. This bone right here is called a furcula. It is the equivalent of our collarbone. This bone is found in most 
vertebrates including fish. It is a bone though that had not been identified in Dinosaurs in the 1920°. Because of the 
fact that everybody assumed that the clavicles had been lost in Dinosaurs, it was assumed that Birds could not 
come from Dinosaurs, because If you have lost the clavicles, how do you get it back and become a Bird? 


The irony is that the very first Oviraptosaurs specimen that was found has clavicles in it. The trouble is that they 
were misidentified as ribs, as Gastralia, or as other bones. Therefore, everybody just assumed that Dinosaurs did 
not have clavides, but the davicle on these Oviraptosaurs is in fact almost exactly like the clavicles that we find in 
modern Birds. The right one and the left one has fused together into this bow-shaped bone, which in fact stores 
kinetic energy when a Bird is flapping its wings, and the furcula gets compressed somewhat and then springs back. 
The presence of the furcula then was misidentified, but even in 1920°, it would have told us loud and clear that 
Birds came from Dinosaurs. 


3.1 Modern Oviraptor Analogs 


Mother Oviraptosaurs were in the habit of sitting on top of their nest and guarding their eggs. They share this 
behavior trait with a modern animal. 
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Which one is it? 
A. Elephants Cc. Crows 
B. — Crocodiles D. Sea turtles 
The correct answer is C. Crows, like many Birds, sit on their nests. 


Since the discovery of the Mongolian Oviraptosaurs nests, many fossil eggs from other kinds of Dinosaurs have 
been found. As far as we know, all Dinosaurs laid eggs. The eggs of modern Reptiles and Birds vary in shape and 
size, and so did those of Dinosaurs. 


Illustration 31: Theropod eggs 


Theropods generally had oblong, elliptical eggs. 
lepers 


Along with the more derived and Bird-like Theropods, Oviraptor eggs were asymmetrical with one blunt and one 
more pointed end. 


Some other variables noted in egg layers are the number of eggs that different species lay at one time along 
with the kinds of nests that they construct. Animals that lay only one or two eggs at a time tend to have relatively 
large eggs, while animals that lay multiple eggs in the same clutch, tend to produce eggs that are much smaller 
relative to their own body size. 


Many Birds construct elaborate nests and incubate their eggs by sitting on them. Most Dinosaurs were too large 
and heavy to sit directly on their eggs, but some, like Oviraptosaurs, constructed circular nests on mounds 
surrounded by a rim of sediment. They laid their eggs in a ring, and they sat in the center of the ring to protect and 
warm the eggs. Other Dinosaurs dug bowl-shaped nests and then covered their eggs with plucked vegetation. As 
the vegetation rotted, the decomposition released heat, which warmed the eggs. 


Dinosaur nests are often found near one another in what seemed to have been large nesting sites. In some 
cases, these sites include huge numbers of eggs, sometimes thousands, and must reflect a large Dinosaur colony 
reproducing all at once. 


The nests at such sites are evenly spaced usually in distance from each other such that the full-grown adults 
could walk safely between the nests. What's more, these fossil nests are often stacked one on top of another in a 
stratigraphic section, which indicates that the Dinosaurs built the nests at the same site year after year. This 
practice of nesting at the site for many years is termed 'site fidelity’. Many Bird colonies employ site fidelity today. 


- 45 - 


Paleontology - Theropod Dinosaurs And The Origin Of Birds 


3.2 Modern Bird Traits 


Oviraptors laid Bird-like eggs and built brooding nests. They had other Bird-like traits as well. 
Which of the following is not a modern Bird trait? 


A. Bipedal stance Cc A 2-3-4-5-0 phalangeal formula 
B. —Toothed jaw D. — Presence of afurcula 
The answer is B, modern Birds do not have teeth. 


Although Oviraptosaurs have created a lot of confusion and debate, they have also helped to resolve one of 
paleontology's biggest issues, the origin of Birds. 


Look at this skeleton. You can see a number of Bird-like traits. Some of these traits are common to virtually all 
Theropods, a bipedal stance, an S-curved neck, and three, forward pointing toes with a phalangeal formula 
identical to Birds. Some traits are exceptionally Birdlike including the Maniraptorans wrists, vertebrae that are highly 
pneumatic and an extensive series of rigid vertebrae that are fused on to the very Bird-like hips. 


Just how closely related Oviraptosaurs are to the true Bird line is still a little hazy, and some of these traits may 
have evolved convergent in both Oviraptosaurs and in other Bird-like Theropods. Nonetheless, Oviraptosaurs have 
helped reveal the many traits that Birds share with their Dinosaur ancestors. 
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Here is one more very important trait. This bone is called the furcula; you may know it better as the wishbone. 
A furcula is formed by the fusion of the left and right clavicles, which are our collarbones. In Oviraptosaurs, the 
furcula is not very big, but in Birds like this Pigeon, you can see that the furcula has become proportionately 
enlarged, and that is because a Bird's furcula plays a critical role in flight. It acts like a strut that strengthens a 
Bird's chest, and as a flexible bone that compresses and decompresses as the wings flap. This stores energy like a 
spring and makes a Bird's flight more energetically efficient. 


3.3. Use Of The Furcula 
Most non-avian Theropods could not fly. 


What use was their furcula? 


A. Improve rigidity in the dorsal vertebral C. Improve neck mobility 
column D. Improve ability to grasp and hold prey with 
B. Improve support for the digestive track the forelimb 


The correct answer is D. The furcula likely helped Theropods to seize and grapple with prey. 


Perhaps, the greatest contribution that Oviraptosaurs have made to our understanding of Bird evolution is what 
they have taught us about feathers. Oviraptosaurs were not the first non-avian Dinosaurs to be discovered with 
feathers. That honor belongs to the Chinese Compsognathid Sinosauropteryx, scientifically described in 1996. This 
compsognathid had been fossilized in a lake bottom deposit, rich in fine volcanic ash. The preservation was so good 
that a feather coating was visible around the skeleton. 


This was a spectacular find. However, for many, the discovery that some Theropods had feathers was not a 
surprise. It had been speculated for years that Dinosaurs evolved feathers before Birds and flight. Sinosauropteryx 
confirmed that speculation and proved beyond any reasonable doubt that Dinosaurs shared the most iconic of all 
Bird adaptations. 


a 


Illustration 33: Sinosauropteryx - Restoration illustrating coloration as suggested by the study of preserved melanosomes 


The feather coat of Sinosauropteryx was not adapted for flight in aerodynamics. Its feathers had a simple form 
similar to mammalian hair and to the downy feathers of Birds. That made sense. It was in line with the leading 
theories that feathers began as simple structures and did not develop the leaf-shape form seen in modern Birds 
until feathers began to function as flight and glide assisting airfoils. A good theory, until Dr. Curry and a team of 
colleagues discovered a new kind of Oviraptosaur: Caudipteryx. 


Illustration 34: Cast of a Caudipteryx zoui spedmen 


This is Caudipteryx, it was discovered in the same fossil beds as Sinosauropteryx, and again, the exceptional 
preservation shows simple, filamentous feathers covering its body. However, also preserved are complex 
leaf-shaped feathers extending from the forearms and from the tip of the tail. 
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That was a big surprise, because as Bird-like as Caudipteryx was it certainly did not have the wingspan of a 
glider or a flyer. Therefore, the feathers of some non-avian Dinosaurs were far more advanced and structurally 
sophisticated than ever suspected. The evolutionary story of feathers must have been far more complex than first 
thought. 


3.4 Function Of Feathers 
When not in flight, what functions can the feathers of modern Birds serve? 
More than one answer may be correct, therefore, check all the answers that you think apply. 


A. Insulation Cc Chemical secretion 
B. Fat storage D. — Social signaling 


The correct answers are A and D. Feathers do not store fat, nor do they secrete chemicals. 


Like the fur of Mammals, feathers provide Birds with insulation. They trap a layer of warmed air next to the 
Bird's body, which reduces how quickly a Bird's internally generated heat is lost. Without insulating feathers, Birds 
would have to burn a lot more calories in order to replace lost body heat. Also like mammalian fur, feathers 
covering a Bird's skin offer a form of lightweight armor. A feather coat protects against abrasion and provides a 
natural soft cushion. 


Most feathers are not much use as tactile sensors, but some are specifically adapted for this purpose. Many 
Birds have whisker-like feathers that project outwards from their faces called bristles, and bristles have sensory 
nerves at their bases. This allows Birds to feel when the bristles are disturbed by contact with solid objects. 


Finally, many Birds use their feathers in social displays. Feather crests, fans, and extravagant plumes are all 
bobbed, waved, and flashed about in courtship rituals in territorial displays. 


The simple hair-like body feathers of both Sinosauropteryx and Caudipteryx would have served well as insulation 
and could have provided a little protection. The bristles of modern Birds have a simple hair-like form; therefore, it is 
possible that some of the feathers on the faces of Dinosaurs served that function as well. However, we should note 
that no extra elongate and particularly 'whiskery' feathers have been identified in Dinosaurs to date. 


What is about social display? 


Here, Caudipteryx would seem better endowed. The complex feathers on its tail and arms form broad fans, 
which would have been excellent attention getting display structures. Similar adaptations are found in many ground 
dwelling Birds, such as turkeys and peacocks and are used in courtship displays. Therefore, it is generally thought 
that the early simple feather coverings of Dinosaurs served primarily as insulation with perhaps, an additional minor 
protective benefit, and they might have developed a few tactile bristles. However, the first complex leaf shaped 
feathers evolved not for flight, but for social display. 


Thanks to additional feathered specimens from Liaoning, China, and other exceptional fossil localities, we now 
know that all major groups of Coelurosaurs had simple feathers. A few flightless and non-avian forms had complex 
feathers as well. 
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3.5 Arm/Hand Configuration 
Up to this point in the course, we have seen many different hand and finger adaptations in Theropods. 


Which of the following is not an arm/hand configuration that has been described 
so far? 


A. Strong arms with three clawed, grasping C, Long arms with 3 fingers, one much longer 
fingers than the rest 
B. — Short arms with a single digging claw D. Tiny arms with 2 fingers 


A describes the Allosaurs. B describes the Alvarezsaurids. D describes Tyrannosaurs. That leaves C as the 
correct answer. However, we are about to introduce you to another group of Maniraptoran Coelurosaurs that have 
this very odd arm/hand configuration. 


While the Alvarezsaurids evolved reduced forelimb length for the purposes of digging, another group of 
Maniraptoran Coelurosaurs developed in the opposite direction. The Scansoriopterygidae is a newly discovered 
group with the longest arm to body ratio of any Dinosaur. Among the Scansoriopterygidae are Apidexipteryx, 
Scansoriopteryx, the newly discovered ¥/ Qj and, well, for the moment that is it; just three genera. All of them are 
known from the feather preserving fossil beds of Liaoning, China, and they are all among the smallest known 
Dinosaurs. 


Epidexipteryx was only about the size of a robin. Scansoriopteryx was probably not much bigger, although its 
full-size is currently unknown, because only two tiny specimens have been found and both show the 
characteristically unfused skeletal structures of juveniles. Not only were the arms of Scansoriopteryx elongated, but 
also were their fingers. In fact, the third finger of each hand was longer than the rest of the arm. 


What were they doing with these long arms and even longer fingers? 


A hint comes from the hind limbs. The hind feet of Scansoriopteryx resemble those of early Birds, with the rear 
hallux modified for grasping. The Scansoriopteryx appeared to have been adapted for life in the trees, with gripping 
hind feet and long reaching forearms, these small Dinosaurs would have been excellent climbers. Some 
paleontologists have even compared Fpidexipteryxto the modern aye-aye. An aye-aye is it kind of lemur that also 
has an exceptionally long finger, which it uses to probe into narrow insect borings in tree trunks. They skewer 
grubs with a claw at the end of the finger and pull out the insect for a juicy meal. Epidexipteryx and other 
Scansoriopterygidae may have done the same. 


styliform element 


However, the newest Scansoriopterygidae Y/ Q/ suggests that the long fingers and arms may have served an 
even more surprising purpose. A long bony rod called a 'styliform element’ extended from each of ¥/ Qi's wrists, 
and these two rods each supported webbings of skin which were found in a fossilized specimen. The skin stretched 
between the body, the rod, and the long finger. This formed a kind of primitive wing. Although styliform elements 
have not been discovered in other Scansoriopterygidae it is entirely possible that they did have them. 


With these fleshy wings, the tiny tree-dwelling Dinosaurs could have glided from branch to branch like modern 
flying squirrels. Nevertheless, understand that the wings of Scansoriopterygidae are very different from those of 
Birds, and it seems that the one did not give rise to the other. 
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The feathers of Scansoriopterygidae include the simple hair-like forms seen in other Coelurosaurs but also, some 
complex branching feathers. In Epidexipteryx, four long skinny and complex feathers protruded from the tip of the 
tail. Like the tail feathers of Oviraptosaurs, these are thought to have served as sexual display structures. 


We now only have one major group of non-avian Coelurosaurs to go, the Deinonychosauria. This group is so 
Birdlike and their anatomy and inferred ecology so different from what was once considered typical of a Dinosaur, 
the Deinonychosauria sparked a revolution in paleontological thinking. That revolution is a story of our next lesson. 


3.6 The Dinosaur Renaissance 


You will remember from a former lesson that it was Sir Richard Owen, who in 1842 first recognized that various 
fossil species of giant Mesozoic vertebrates belong together in the single natural group. He called that group the 
Dinosauria. That name translates to terrible or 'wondrously great' lizards. 


Illustration 35: 'Bearded Dragon' 


This is my friend Beans, the bearded dragon, and he is here to help explain that. Originally, there were only 
three species included in the Dinosauria. All three were known from only incomplete and scrappy fossil material. 
You will also remember that the first Theropod to be scientifically described was Mega/osaurus. It was one of 
Owen's three original Dinosaurs. Among the few bones, known from Mega/osaurus, was a section of the jaw with 
teeth still in place. These teeth look very similar to those of modem large carnivorous lizards, and they were set in 
sockets like the teeth of modern crocodiles. The two other original Dinosaurs were Jguanodon, and the 
Ankylosaurus Hy/aeosaurus. Iguanodon had teeth that were similar to those of an Jguana, and Hy/aeosaurus had 
small armored plates, or osteoderms, like a crocodile. 


This selection of fossils suggested the group was reptilian. With nothing better to go on, Owen and others 
envisioned Dinosaurs as essentially monstrous Reptiles. In drawings and sculptures, that Owen had created to 
illustrate Dinosaurs, all the missing anatomy was artistically filled in using lizards and crocodiles as models. 
Therefore, that became the starting point for imagining what a Dinosaur was. In retrospect, it is a shame that the 
original Mega/osaurus material did not include well-preserved foot bones, instead of a toothy jaw. If it had, Owen 
would surely have recognized the avian pharyngeal formula. Then, he might well have named the group 
Dinoornithea, the terrible or 'wondrously great’ Birds. As it happened, Reptile-like became the default assumption 
for anything Dinosaurian. 


I happen to like Reptiles and find it regrettable that there were, and are, a great many reptilian misconceptions. 
These negative stereotypes contributed to a caricature of Dinosaurs as overgrown lizards. Dinosaurs were sluggish, 
dull witted, anti-social, swamp-dwelling, Darwinian dead ends. They were the denizens of prehistory's primordial 
backwaters. Preconceived notions are often the hardest alter, even when contradictory evidence sits directly in 
front of you. That is a fact of human nature. As scientists, we are just as human as anyone else is. 


Over the 120 y that followed Owen's naming, more Dinosaur fossils were found. The evidence indicating that 
Dinosaurs were something other than large Reptiles grew and grew. Then, in 1964, an expedition from the Yale 
Peabody Museum under the leadership of John Ostrom discovered skeletons from a new genus of Theropod. A 
Theropod that Ostrom realized dramatically shattered every aspect of the orthodox view of Dinosaurs. Ostrom 
named the new Theropod De/nonychus. 
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3.7 Breaking Dinosaur Misconceptions 
The discovery of which of the following traits would have contradicted the 
historical misconception of Dinosaurs? 
More than one answer might be correct, so select all the answers that you think apply. 
A. Short hind legs Cc. Evidence of a solitary hunting strategy 
B. A large brain cavity D. Associated fossil feathers 


B and D are both correct answers. The discovery of a large brain cavity and fossil feathers would have gone a 
long way towards countering the classic Dinosaur stereotypes. 


Illustration 36: Deinonychus 


As it happens, Deinonychus was found to have elongated hind legs. Although it is, legs were not as elongate as 
in many other Theropods, such as small Tyrannosauroids and Ornithomimids, Deinonychus appeared to be adapted 
for agility and speed. The skull of Deinonychus did indicate a surprisingly large brain, suggesting a level of 
intelligence that exceeded any modem Reptile. Ostrom's team found several specimens of Defnonychus all in the 
same quarry. He interpreted this as evidence that the Dinosaurs had died together, and therefore had probably 
been living together in a social group. 


As it happened, the Deinonychus material discovered by the Peabody crew did not include any evidence of 
feathers. Although we now know that Deinonychus did have them. While actual feathers were absent, Deinonychus 
had a lightly built skeleton, long arm, each with three long fingers. In these regards, Ostrom realized that 
Deinonychus was extremely similar to Archaeopteryx and he revitalized Thomas Henry Huxley's old theory that 
Birds are the descendants of Dinosaurs. 


Deinonychus was the catalyst that brought on chain reaction of paleontological revaluations. Dinosaurs could 
now be reimagined as quick and athletic not slow and sluggish. Some were relatively intelligent and social, perhaps 
even cooperative pack hunters. Far from extinct failures, they were the ancestors of the more than 10,000 species 
of Birds that are still alive today. Other scientists looked with fresh eyes at different kinds of Dinosaurs. Suddenly, 
all the evidence that had been sitting directly in view came into focus. We call this sudden turning point in the 
general conceptualization of Dinosaurs, the ‘Dinosaur Renaissance.’ Ostrom began it, but it took the work of many 
paleontologists to bring it fully about. One of the other leading lights of the renaissance was Dr. Robert T. Bakker. 
Bakker was one of Ostrom's graduate students and part of the original team that found and prepared the first 
Deinonydchus material. He is famous for his argument that all Dinosaurs had a high metabolic physiology that was 
more similar to that of Mammals and Birds then to Reptiles. This is one of the most important scientific arguments 
in our struggle to understand non-avian Dinosaurs. It is often referred to as the warm-blooded, cold-blooded 
debate. 


The terms warm- and cold-blooded are not generally used in the formal scientific literature; their meaning can 
be ambiguous. Therefore, we need to cover so basic physiology terms. 


Endothems are animals that regulate their body temperature internally. When the external environment is too 
cool, they use energy to create heat. When it is too hot, they sweat or pant to cool down. Mammals, like you and I, 
are examples of endotherms. Ectotherms are animals that cannot regulate their body temperature internally, and 
therefore must regulate it using temperature variations of external microclimates. To warm up, they can bask in the 
Sun and lay on top of warm rocks. To cool down, they can wade in the cool water or seek out shady spots or 
burrows. Reptiles, like lizards are examples of Ectotherms. 
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Homeotherms are animals that maintain a constant internal body temperature, Homeotherms are animals that 
have fluctuating intemal body temperatures. Tachymetabolic animals are those that have high metabolic rates, 
even when at rest. Finally, bradymetabolic animals are those that have low metabolic rates when at rest. 


3.8 Combining Metabolic Types 
Metabolic types can be combined within a single creature. 


Which of these animals is both an Ectotherm and a Heterotherm? 


A. Tortoise (on Hawk 
B. Dolphin 


A, the tortoise is the correct answer. As a Reptile, it is an Ectotherm since it regulates its body temperature 
using microclimates like a Sun warmed rock; it also a Heterotherm, because its internal body temperature 
fluctuates. In simplified terms, a tortoise is warm during the day and cool at night. 


Naturally, these physiology terms are not mutually exclusive. In fact, they are often linked to each other. For 
instance, an animal that we classically consider warm-blooded, such as a monkey or a hawk, have high internal 
body temperatures. Because these internal temperatures are usually higher than the external environment, internal 
metabolic processes must maintain them. Therefore, the animal is an Endotherm. Internal regulation prevents the 
animal's body temperature from strongly fluctuating and thus it is a Homeotherm. Maintaining a constant high body 
temperature via metabolism requires a constant high metabolic rate, even when resting, and the animal is 
Tachymetabolic. 


By comparison, a classically cold-blooded animal, like a rattlesnake or a tortoise, relies on the external 
environment for heat and must seek shelter when needing to cool down. Therefore, it is ectothermic. Waiting for its 
temperature to rise while basking in the Sun or to cool while in the shade results in fluctuating body temperatures; 
therefore it is a Heterotherm. 


Nevertheless, there are many exceptions to these general associations. Many aquatic animals are Ectotherms, 
but because large bodies of water are resistant to temperature fluctuations, these animals live in environments 
where the external temperature does not fluctuate. Therefore, neither does their body temperature and they could 
be classified as Homeotherms. 


Here is a tricky question. Hummingbirds regulate their temperature internally, they have incredibly high 
metabolic rates when awake, but while sleeping at night, their metabolism slows to a crawl and their body 
temperature plummets. 


Which of the following terms accurately describes the metabolism of a 
Hummingbird? 


More than one answer might be correct, select all the answers that apply. 

A. Endothermic Cc. Tachymetabolic 

B. Ectothermic D. —Bradymetabolic 

A and D are the correct answers. A Hummingbird is an example of a bradymetabolic Endotherm. 

Unfortunately, we are 66,000,000 y too late to take a Dinosaur's temperature or monitor its daily metabolic rate. 


What evidence did Robert Bakker have to argue for high mammal and Bird-like 
metabolic temperature regulation in Dinosaurs? 


For starters, he considered the complex teeth of Hadrosaur and Ceratopsian Dinosaurs. These teeth are clearly 
adapted for intense and efficient chewing. This, Bakker argued, indicated a high food consumption need. Modern 
Mammals and Birds have high food consumption needs, because of the energetic demands of maintaining high 
constant internal temperatures, and this high food requirement means that it takes more prey to satisfy a 
mammalian or avian predator than a reptilian predator of equivalent size. Therefore, for any number of potential 
prey species, an ecosystem can have fewer carnivorous mammalian and avian predators than it can reptilian 
predators. When Robert Bakker started adding up the number of Dinosaur predators and the number of Dinosaur 
prey in well-sampled fossil localities, he found a low ratio of predators to prey, and this indicates that predatory 
Dinosaurs also had high energy requirements. Bakker also theorized that although cold-blooded animals are far 
more numerous than warm-blooded animals, being warm-blooded imparted a distinct competitive advantage when 
it came to the specific niches of terrestrial large bodied animals. Think for a moment about the modern world. 
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How many terrestrial Mammals can you name that weigh >20 kg, or >50 pounds? 
Well, there are a lot. There is you, me, deer, lions, elephants, llamas, wombats and so on. 
Moreover, how is about Birds? 


Birds mostly fly, but there are still various large, flightless Birds like ostriches in Africa and Asia, Rhea in 
South America, and emu and cassowaries in Australia. 


How are about any modern 50 pound fully terrestrial Reptiles? 


Not so many. Crocodiles and various large snakes are semi-aquatic. The only real terrestrial reptilian 
heavyweights are animals like Galapagos tortoises and Komodo dragons, and these giant Reptiles live only on small 
island chains where they are isolated from competition with large-bodied warm bloods. The comparative scarcity of 
modern large terrestrial cold-bloods has been interpreted as evidence that they have been excluded from such 
niches by competition with Mammals and Birds. 

The first primitive proto-Mammals evolved at roughly the same point in time as the first proto-Dinosaurs, and 
true non-avian Dinosaurs and true Mammals coexisted for nearly 150,000,000 y. In all that time, it were the 
Mammals that never broke the 20 kg mark. Bakker argued that this lack of large Mesozoic Mammals was the result 


of competitive exclusion on the part of Dinosaurs, and that exclusion could not have happened if Dinosaurs were 
cold-blooded. 


3.9 Erect Posture 


Dinosaurs had an erect posture with legs positioned underneath their bodies, just like Mammals and Birds. They 
did not have splayed out legs like lizards. An erect posture is a trait characteristic of warm-blooded animals. 


Do you think this is because? 


A. Straight legs carry blood more efficiently C. An erect posture facilitates an active 
B. An erect posture allows endotherms to lifestyle 
reach higher food resources 

As you are about to see, active animals benefit from an erect posture. That makes C the most correct answer. 

Another important line of evidence that suggests a high metabolic rate in Dinosaurs comes simply from the erect 
posture of their limbs. This trait Owen realized that Dinosaurs shared with Mammals and Birds; although he failed 
to recognize the full implications. 

Erect limbs are better at passively supporting the body's weight while standing and walking. They are therefore 
associated with animals that spend more time being up and active. With no need to sit still and absorb heat, or wait 
to cool down, combined with high food requirements, warm-blooded animals are generally more active. Obviously 
all these lines of evidence are indirect, and testing an extinct animal's physiology is extremely difficult. However, 
since Doctor Bakker first made his case for mammal and Bird-like metabolic temperature regulation, additional lines 
of evidence have come to light that lend more support to his theory. 


3.10 Arctic Reptiles 


As we continue to examine evidence that supports mammal and Bird-like metabolisms in Dinosaurs, we have 
begun to discover Dinosaur fossils within the polar cirdes. Therefore, think about this. There are very few examples 
of Arctic Reptiles. 


Why is that? Is it because 


A. Ectotherms require warm microclimates to B. Arctic climates make food resources scarce 
shabioi seroallaed temperature, and these are C. Continental drift prevented Reptiles from 
Sear MVE a populating arctic regions 


The correct answer is A. The arctic provides few opportunities for warming microclimates to exist. Therefore, 
Ectotherms, like Reptiles, have difficulty adapting to that environment. 
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Histological studies of Dinosaur bones have revealed that they grew very quickly. This is another trait associated 
with Birds and Mammals, but not Reptiles. Chemical analysis of Oxygen isotopes throughout Dinosaur skeletons 
indicates that their temperatures throughout the body were essentially the same. This is suggestive of 
homeothermy. Large blood vessel pores throughout the interior Dinosaur bones had been interpreted as attesting 
to high Oxygen and nutrient demands, which are associated only with modern tachymetabolic animals. 


Regulating your body temperature ectothermically only works if you can reliably find microenvironments with 
both warm and cool climates. That is not always possible, particularly in cold regions. That is why there are no 
Reptiles or Amphibians in the Arctic or Antarctic, and why there are very few here in Northern Canada. 


During the Mesozoic, global temperatures were much higher than they are today. Nevertheless, the discovery of 
abundant large Dinosaurs in polar regions, including Alaska and Southern Australia, show that at least some 
Dinosaurs lived in environments that experienced seasonably cold climates. 


3.11 Feathers and Endothermy 


By far, the most powerful piece of evidence supporting Endothermy and high metabolic rates in Dinosaurs has 
been the discovery of non-avian Dinosaur feathers. You will remember from a former lesson that the covering of 
hair-like feathers preserved in many Coelurosaur specimens was adapted to serve as insulation. 


Why this does supports the argument for endothermic metabolisms? 


A. Ectotherms seldom display during courtship B. Feathers reflect heat while basking in the 
and early feathers were used in sodal sun 
display C. — Endotherms generate their own body heat 


and feathers would keep that heat in 


Cis the correct answer. Insulation only works if you are generating internal heat. Otherwise, there is no heat to 
hold in; therefore, there is no reason for an animal to have insulation if it is not endothermic. 


A covering of insulation indicates high internal metabolic heat generation and the need to maintain a constant 
internal temperature. Coelurosaurs were not the only Dinosaurs to have insulation. It is now known that 
Megalosauroids also had hair-like coverings, and so did several varieties of small Ornithopoda. It remains to be 
proven if these coverings were true early feathers or similar but evolutionary unrelated adaptations. 


There is one last concept that is critical to the current status of the debate. That is the idea that many 
Dinosaurs, particularly the enormous Sauropoda, might have maintained constant high internal body temperatures 
through Gigantothermy. 


Because Ectotherms lose and gain heat from the outside environment, the rate at which that heat is lost or 
gained is influenced by their body's exposed surface area. Large animals have less surface area relative to their 
internal volume than smaller animals with the same overall shape. This means that once warmed, extremely large 
animals lose heat slowly. If an animal were large enough, the rate of heat loss, theoretically, would be so low that 
it could be compensated for by only low level metabolic processes. In other words, it is theorized that big Dinosaurs 
could have been ectothermic, but still homeothermic by virtue of their great mass. 


This is an interesting theory that many paleontologists think explains a lot about Dinosaur physiology. However, 
it should be pointed out that the theory is, of course, not applicable to the many varieties of small Dinosaurs, and 
today, we can observe that the largest land Mammals, like elephants and rhinos, are still very much endothermic. 
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Where does all of this leave the warm-blooded/cold-blooded debate? 


The general consensus among paleontologist is that most Coelurosaurs were probably endothermic, 
tachymetabolic, Homeotherms. Many paleontologists would argue that most other Theropods probably were as 
well, though, perhaps, to a lesser degree. Some paleontologists, me included, think the evidence is sufficiently 
compelling to confidently label virtually all Dinosaurs as warm-blooded. 


3.12 Feather Features 


Simple feathers for the presumed function of insulation are common among Coelurosaurs. Structurally complex 
feathers that are leaf-shaped for the presumed function of sexual display are known from specimens of 
Oviraptosaurs and Scansoriopterygidae. 


Which of the following feather morphologies have we already encountered in 
non-avian Theropods in this course so far? 


Multiple answers might be correct, so select all that apply. 


A. Gaps between the primary flight feathers Cc An elongated form, unique to the arms and tail 
B. A stiff central shaft D. Anasymmetrical form 


Gaps between the primary flight feathers are an adaptation seen in may modern Birds that helps to prevent 
stalling while in flight. This is an advanced trait. We have yet to see it in our trek through the Theropod family tree. 
In addition, it is not a feature required for simple early flight. We also have not encountered asymmetrical feather 
shapes yet. However, the display feathers of Theropods we have studied have had stiff central rachis, and feathers 
on the arms and tail already had elongate forms. Therefore, B and C are the correct answers. 


4  Bird-Like Characteristics 
4.1 Feathers 


In this lesson, we have yet to see feathers with an asymmetrical form; but that time has come. To make the 
functional jump from displaying to flying, Theropod feathers had to evolve an asymmetrical form. The asymmetry 
of true flight-feathers is essential for the wings to generate lift and thrust. Without that form, Birds can not fly. 


This brings us to the topic of feather development. It was once hypothesized that feathers evolved directly from 
large plate-like scales. The concept was this: To become feathers, scales became raised up at one end, and stayed 
embedded in the skin at the other. Therefore, the thinking was that the broad flat form of most modern 
Bird feathers had been present right from the start. As it turns out, that this is not the way it happened. 
Developmental studies of modern Bird feathers have charted how feathers grow into their complex forms. 
Combined with a new fossil record of feathers, it is now possible to piece together the various stages of feather 
evolution. 


4.1.1 Stage 1 


In stage 1; feathers began not as flat scales, but as projecting filaments with simple, unbranched cylindrical and 
hollow forms. Stage one feathers account for the hair-like body coverings of most non-avian Theropods. 
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4.1.2 Stage 2 


In stage 2, the hollow cylinder splits into multiple small filaments called barbs. Moreover, barbs radiate as a tuft 
from a single base. Some stage 2 feathers are present on Dinosaurs like Sinosauropteryx. 


4,1,3 Stage 3 


rachis . barbules 


The third stage is usually broken down into two important sequential components. In stage 3A, essential rachis 
develops from which all the barbs radiate at various points along its length. In stage 3B, the barbs develop 


additional filamentous branches called barbules. 


4.1.4 Stage 4 


In stage 4, the barbules develop a hooked form that allows them to grip together with the barbules of adjacent 
barbs like Velcro. This is what can turn a feather from a filamentous branching structure into a unified, continuous 
shape. We call such feathers pennaceous. To convey better how the hooking barbules work, let me show you a 


simple demonstration. 
At this point, please watch Paleontology - Theropod Dinosaurs And The Origin Of Birds_001.mp4! 


Video 1: Feather, zip and unzip 


The ability of feathers to zip and unzip makes them durable, because they can give way under pressure and 
then be quickly repaired by a simple preen of the Bird's beak. 
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4.1.5 Stage 5 


asymmetrical flight feather 


This feather also illustrates the fifth and final development stage. In stage 5, the barbules on one side of the 
rachis are reduced in length by comparison to those on the other side. This is what is meant by an asymmetrical 
flight feather. The asymmetry is what allows feathers to serve individually and collectively as air foils and also helps 
to control air flow through the wings. Thus, an asymmetrical feather is not common on the bodies of even modern 
Birds, and is generally regulated to the wings and tail. 


So far, we have only discussed non-avian Theropods with feathers representing stages one through four. To 
achieve stage V, would likely require the need for air foils, and the evolution of flight. In addition, that requires us 
to return to John Ostrom and Deinonychus. 


4.2 Greek Roots 
Let us test your linguistic knowledge of Greek roots. 
What does the name De/nonychus mean? 
Here is a hint. You have encountered the Greek root Deino before. Does Deinonychus mean: 


A. _ Terrible claw Cc. Deadly thief 
B. — Winged beast D. _Stiff-tailed lizard 


The correct answer is A. Just as the name Dinosaur means terrible lizard translated from ancient Greek, the 
name Dejnonychus means terrible claw. 


Illustration 37: Claw ( Velociraptor 


Deinonychus has a striking feature, an enlarged and sickle shaped claw on digit two of the foot. This is not the 
foot of Deinonychus, but its more famous Asian relative Velociraptor. Deinonychus and Velociraptor belong to a 
group of Theropods called the Dromaeosauridae. Dromaeosaurids form a clade with two other major Theropod 
groups, the Troodontidae and Birds. We call this group the Eumaniraptora. It is important for you to be aware that 
the exact relationships between the three groups that comprise it are unclear and currently the subject of intensive 
research. 
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Eumaniraptora have long arms, long fingers, and an enlarged sternum. They also have tails with a reduced 
number of vertebrae, and greatly reduced musculature. In most other Dinosaurs, the base and front half of the tail 
supported a large muscle set that powered retraction of the femur in the leg. The reduction of this muscle in 
Raptorians fundamentally changed hind limb locomotion, bringing it doser to the high knee bending style of 
modern Birds. The tail reduction also moved the center of body mass forwards to in front of the hips. 


The Dromaeosaurids and the Troodontids are placed together in the single group, the Deinonychosauria, 
because both share the enlarged foot claw. Take a closer look and you will see that the tubercle for the attachment 
of the claw contracting tendon is positioned low. You will recall from a former lesson that such a tubical position is 
generally indicative of high-speed action. In addition, the claw is relatively compressed with a thin inner surface to 
the curve. Unlike the Carnosaurs hand claws that we examined earlier, this claw seems equipped for stabbing and 
then slicing. 


There have been a number of interpretations of Deinonychosaurs claw function. However, the leading 
explanation is the same one that Jon Ostrom proposed in his original description. He suspected that the claw was 
used as a slashing weapon. He envisioned De/nonychus as attacking its victims with powerful and lethal kicks. 


To support this idea, he noticed that the toe that bore the claw could be carried in a raised position with the 
claw up and off the ground. Indeed, the claw is often found in this retracted position in fossil skeletons. This meant 
that the claw was held up when the De/nonychus was walking or running. This would prevent the claw from 
becoming dulled and would keep it lethally sharp. 


The same adaptation is found in the slashing claws of modern cats. Cat claws are most often held up ina 
retracted position. In addition, Ostrom noted that similarly enlarged claws are present in some modern ground 
Birds. The giant, flightless Bird the cassowary, is known to use its enlarged foot claw as a kicking weapon when 
threatened. In addition, the South American uses its claw to butcher prey. 


4.3 Bird Intelligence 
Deinonychus also raised the bar for Dinosaur intelligence. 
How could paleontologists assess the Dinosaur's intelligence? 


A. Determining if the Dinosaur could solve Cc. Measuring the relative size of the 
simple arithmetic braincase 


B. Identifying an opposable thumb 


Paleontologists can roughly estimate a Dinosaur's intelligence by comparing the size of its braincase against its 
absolute body size. Therefore, C is the correct answer. 


One of the most fascinating Dinosaurs is 7roodon. Troodon is a very ancient Dinosaur, in the sense that it is 
65,000,000y old. Nevertheless, it is also very ancient in the sense that it was one of the first Dinosaurs ever 
described. The teeth of 7roodon are so distinctive that when a tooth was found in 1854 it gave a name to a 
Dinosaur. We did not know what that tooth belonged to. We did not know that the Dinosaur looked like this at that 
time. In fact, it was more than a century later before we found the teeth and the jaws and figured out exactly what 
Trooaon \ooked like. There was a lot of argument in fact whether this was a tooth from a lizard, a carnivorous 
Dinosaur, or possibly even an herbivorous Dinosaur, which sometimes have teeth at the front jaws that look like 
carnivore teeth. 
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The teeth are very distinctive in the sense that when you look at those teeth, what you see is they are small. 
They are many of the teeth in the jaws. However, those teeth, in fact, have very larger serrations. The serrations 
on the teeth of 7roodon are as big as the serrations on the teeth on a 7yrannosaurus Rex. 


There are many things about 7roodon that are interesting beyond its teeth and its history. When we look at the 
brain size for example, we see that the brain in 7roogon is relatively large. In addition, we can estimate the brain 
size by looking at the inside of this region of the skull, which is, of course, a hole that the brain filled. These brain 
endocast are so well preserved you can not only see the overall size of the brain but we can also see different parts 
of the brain itself and all the nerves and blood vessels associated with it. The cool thing is that although the brain is 
very conservative in many ways in 7roodon, nevertheless, we can see that it is a lot bigger than what we would 
expect to find in a Reptile of this size. Therefore, if we compare 7roodon brains to the brains of a crocodile, which 
are about the same body weight or length as this 7roodon, then we see that 7roodon has a brain that is six times 
bigger than the brain of an equivalent size crocodile. That tells us that this Dinosaur, in fact, had a brain that is 
about the same size as what we find in some modern Birds or Mammals. When we look at the Birds and Mammals 
that live with this Dinosaur, this Dinosaur also had a brain that was bigger than most of the Birds and Mammals 
that lived at the same time as this Dinosaur. 


The animal is also fascinating for many other reasons. When we look at the eyes, for example, the eyes are 
very, very large. More importantly though, when you look at the animal from the front we see that the eyes are 
facing forward to a certain extent; that means it has overlapping fields of vision. That allows this animal to see in 
3D, the same way that we do. There are characters associated with the years of this Dinosaur that suggests, like 
some modern Birds, it was able to distinguish what directions sounds came from. When we look at the hands, we 
can see that the hands are in fact specialized for grasping in a certain way, and this Dinosaur was also a very fast 
Dinosaur. We know that from looking at the hind legs. They are long, they have elongate lower parts of the legs 
and this allows this animal to move very rapidly and, of course, to escape predators that lived at the same time as 
it and were larger than it was. 


Finally, when we do the comparison to other types of carnivorous Dinosaurs, we can see that Troodontids are in 
fact very closely related to the Dromaeosaurids. They in fact have the same kind of Raptorial claw on the hind foot. 
However, there are other differences and they show these animals were going in a different direction. So, for 
example, they have long flexible tails, and those long flexible tails and many of the characters in the skeleton 
suggest that 7roodon and its relatives may in fact be closer to the origin of Birds than the Dromaeosaurids. 


4.4 Troodon's Large Eyes 


In addition to having an exceptionally large brain relative to its body size, 7roodon also has a set of large eyes. 
This tells us something interesting about its behavior. 


Which of the following modern animals also have exceptionally large eyes 
compared to their body size? 
More than one answer may be correct, so check all the answers you think are correct. 
A. Owl Cc. Tree frog 
B. Flying squirrel D. Rhinoceros 
A, B, and C are all correct. 
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What do these animals have in common? 


They are nocturnal and need good vision. The large eye sockets of 7roodon suggest that it too was often active 
at night. When Ostrom and others set about revitalizing Huxley's theory that Birds were descended from Dinosaurs, 
we had two serious problems; time and size. 


Having just found a new Dinosaur with so many Birdlike traits, Ostrom could argue convindngly that no other 
group of animals had more in common with Birds. However, Deinonydius was from the Early Cretaceous, and 
Archaeopteryx, the oldest known Bird, was from the Late Jurassic. This meant that the theory was stuck with a 
descendant that predated its ancestor by at least 34,000,000 y. Ostrom and his supporters, which now included 
Dr Bakker and Dr Currie, were forced to fall back on the old and unsatisfying argument that the fossil record was 
simply incomplete. Older, transitional Dinosaurs, with all the Birdlike adaptations of Deinonychus must have existed, 
but their fossils had not been found yet. 


The second problem had to do with the size of Deinonychus, and the classic thinking on how flight must have 
evolved. Gaining the ability to fly is a game-changing evolutionary innovation; it is a huge jump. It has long been 
assumed that the best way for a lineage to make that jump is by evolving an intermediate gliding stage. 


4.4,1 Gliding 


Gliding is not the same thing as flying; it is simply a controlled, slow descent. While gliding, an animal travels 
further horizontally than vertically. Today many animals can glide but cannot fly. For example, there are flying 
squirrels, sugar gliders, Draco lizards, flying snakes, and parachute frogs. All these animals are forest dwellers that 
climb trees and have evolved various membranous proto-wings that let them glide from tree to tree. They are also 
small creatures, and that is critical to their ability to coast through the air. It is easy to imagine any of these forms 
developing more and more extreme wings for making longer and longer glides. Eventually, they could add a 
flapping motion that would propel them from gliding to true altitude gaining flight. Naturally, that is how everyone 
assumed Birds had evolved flight. They start it with a small, tree-dwelling ancestor that glided among the branches 
of a Mesozoic forest. 


Illustration 38: Deinonychus (Restoration) 


Deinonychus did not fit that description. For starters, it was too big. Deinonychus weighed about the same as a 
grown man. While it could certainly climb a large tree, it was clearly adapted for running quickly on the ground. 
The same was true, to a greater or lesser extent, of all the other known and even less Bird-like Theropods. Even 
little Compsognathus had the short arms and long legs of a ground sprinter. 


4.4,2 Specialized Tree-Dwellers 


Thinking back to all the Theropod groups that we have met so far in this course, which is one that is thought to 
include specialized tree-dwellers? 


Is that group? 
A.  Alvarezsauria Cc. Scansoriopterygidae 
B. Ornithomimosauria D. —_Therizinosauria 


The correct answer is C, Scansoriopterygidae are thought to have been specialized tree climbers. Unfortunately, 
they have only recently been discovered, so Ostrom could not have known about them. 
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The theory that flight evolved from tree-dwelling animals that first glided down out of branches, and then flew, 
is known as the 'trees down’ theory. Ostrom felt that he needed a theory that could account for the evolution of 
flight in Theropods that were adapted for running on the ground. He wanted a ground up theory; therefore, he 
envisioned a Deinonychus-like Theropod running along the ground and chasing after prey that could already fly, 
like winged insects. To help catch such prey, Ostrom thought the Dinosaurs would need to do a lot of forward 
grasping with their arms, and a lot of jumping. Over time, perhaps long and complex feathers could have evolved 
on the arms, to serve as insect capture nets. Then, these arm feathers might start to help the Dinosaur to stay in 
the air longer, during its leaps. Combined with a forward grasping stroke of the arms, these feathers might even let 
the Dinosaur gain altitude and flutter about. From there, Ostrom theorized true flight might emerge. 


4.4.3 Wing-Assisted Incline Running (WAIR) 


If that theory strikes you as a little far-fetched, you are not alone. Many paleontologists have objected to this 
theory, and various alternative ground up theories have been put forward. Perhaps running Theropods developed 
feathered forearms to help them maneuver at high speed. Modern ostriches are thought to make use of their wings 
in this way. Another modern analogue, which many paleontologists think, might be the key to solving the problem 
is 'wing-assisted incline running’ or WAIR. 


Many ground Birds like turkeys and partridges, and particularly their flightless juveniles, display a curious 
behavior when fleeing predators. They run up tree trunks while flapping their wings. Although the flapping does not 
create enough lift to get the Birds airborne, it does act to keep the Birds pressed against the trunk and prevents 
them from sliding down. This attribute allows them to ascend to safety. Perhaps Theropods with early wings used 
them to escape land-bound predators through WAIR. Larger and larger wings could have permitted faster and 
faster ascent of steeper and steeper inclines. Eventually increased flapping power could result in a true takeoff. 


However, it should be pointed out that in order to scale a tree a Theropod might have been better off just 
reaching out with its arms and scrambling up with the assistance of its clawed hands, rather than flapping whatever 
small proto-wings it might have had. Modern Birds that display WAIR do not have this option because their hand 
claws have already been lost. Therefore, the trees-down versus ground-up debate continues. 


4.4.4 Bat Flight 


Illustration 39: Wing membranes (patagia) of Townsend's big-eared bat 


You might think that the trees-down versus ground-up debate would apply to the evolution of flight in other 
animals such as bats. However, in the case of bats flight is generally accepted to have evolved following the trees 
down model. 


Based on your understanding of the two theories, why might this be the case? 


A. Bats are fast runners on the ground and C. The wings of bats are attached to their 
can use WAIR to ascend trees legs; therefore, bat wings preclude running 

B. Bats hunt insects and use their wings to D. Bat claws are blunt and prohibit tree 
help capture their prey climbing 


The correct answer is C, the wing membranes of bats attach to their legs. This is generally regarded as strong 
evidence that the evolution of bat wings came at the cost of terrestrial running. That makes a ground up origin 
improbable. 
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Illustration 40: Microraptor (Restoration of Microraptor gui with coloration based on fossilized melanosomes 


Es a 


Illustration 41: Anchiornis (Artist's impression, illustrating feather arrangement and life coloration of the Beijing specimen) 


Recently, the discovery of two new Eumaniraptorans from China has removed the two biggest challenges that 
Ostrom faced in explaining how flight could have evolved from Dinosaurs. Microraptor is a Dromaeosaurid, and 
Anchiornis is a Troodontid. Both are among the smallest of all known non-avian Theropods. Mcroraptor is from the 
Early Cretaceous, Anchiornis comes from Jurassic deposits, estimated to be 160,000,000 y old. Therefore, it 
predates Archaeopteryx by roughly 10,000,000 y. Once more, both of these little Deinonychosaurs are preserved 
with extremely long feathers on their forearms, and these feathers are asymmetrical. Microraptor and Anchiornis 
were clearly not just using their arm feathers for display; they were using them as airfoils. 


By the way, the full name of Anchiornis is Anchiornis huxleyi, named in honor of Thomas Henry Huxley and his 
original theory of a Dinosaur origin of Birds. Anchiornis provides a critical missing link for that theory. 


What is surprising about Anchiornis and Microraptor is that they each also have a second set of wings; long, 
asymmetrical feathers are also present on their hind limbs. Both Anchiomis and Microraptor lived in forested 
environments. Their long leg feathers could certainly not have been flapped while simultaneously running up 
inclines, and some researchers think that the leg feathers might have gotten in the way during any ground running. 
It is not clear if either Dinosaur had the arm and chest strength for sustained flapping flight; however, it is clear 
that they could have made use of both wing sets during gliding. For these reasons, Anchiornis and Micoraptor are 
often interpreted as strong evidence supporting the theory that Dinosaur flight evolved following the trees-down 
scenario. That is not to say that the trees-down / ground-up debate is over. It continues, and many researchers 
would be quick to point out that both scenarios might be too simplistic. 


4.4.5 Dromaeosaurid And Troodontid Ancestor 


Microraptor is generally regarded as among the most primitive and basal of the Dromaeosaurids, and Anchiornis 
is genuinely regarded as among the most primitive and basal of the Troodontids. 


Assuming that the many similar traits of both animals did not evolve convergent, what does this suggest about 
the most recent shared ancestor of all Deinonychosaurs? Is the ancestor: 


A. — Small bodied Cc From the Jurassic Period 
B. A Dromaeosaurid D. Awinged animal that could fly or glide 
More than one answer might be correct, so select every answer that you think applies. 


That both Microraptor and Anchiornis are small bodied suggests that their shared ancestor was as well. 
Therefore, the evolution of later large Dromaeosaurids and Troodontids constitutes another, if less dramatic 
example of gigantism. This by no means suggests that their ancestor was a Dromaeosaur or a Troodontid, although 
Troodontids have fewer derived characteristics and may well be closer to the ancestral Deinonychosaur form. 
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Anchiornis is from the Late Jurassic; therefore, the ancestor could not have evolved any later than that and 
almost certainly lived at some point during the Jurassic. Finally, the presence of gliding or flight capable wings in 
both does suggest this was a trait shared by their ancestor. If that were the case, it would be that later 
Deinonychosaurs including Deinonychus and Velociraptor were secondarily flightless like today's Ostrich. Therefore, 
A, C and D are the correct answers. 


4.5 Pterosaur 


Illustration 42: Hypothetical restoration of Pterodactylus in its environment 


When Dinosaurs finally took to the air, they were not alone. Another group of Archosaurs had already conquered 
the skies tens of millions of years earlier, the Pterosaurs. These groups include such famous flying Reptiles as 
Pteranodon, and Pterodactylus. The avian invasion of Pterosaur airspace would pit these two groups of fliers 
against each other in an ecological competition. 


When Dinosaurs took to the air at the end of the Jurassic, they were not alone. A long time ago there was an 
animal that was in the air; it is distantly related to Dinosaurs, and that animal is called a Pterosaur. Pterosaurs had 
been around since Late Triassic times and were active flyers. They share many characteristics that an active flyer 
would have, like a Bird. 


Illustration 43: Rhamphorhynchus (Skeleton) 


For example when you look at their bones, the bones are elongate, but they are also hollow, and they are very 
lightly built. Pterosaurs do it a little bit different from Birds, the bone is denser; and therefore, they can make them 
even hollower than Bird bones are. This is Rhamphorhynchus, and Rhamphorhynchus is typical of an early 
Pterosaur in that it has a very long tail and a relatively short neck and skull. 
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Illustration 44: Pterodactylus (Skeleton) 


As time went on, Pterosaur evolved and changed, and you got animals like the Prerodactylus that lived at the 
same time as Rhamphorhynchus. You can see that the skull is very long, the neck is long, but the tail is short. The 
wing proportions are somewhat different from Rhamphorhyndius as well. The fact that this animal looks more 
unstable indicates that it probably was more unstable, but instability is not always a bad thing, instability also 
means you have increased maneuverability. The same kinds of evolutionary changes can be seen in Birds. Early 
Birds, like Archaeopteryx, have a long tail like, Rhamphorhynchus, it is a stabilizer. Advanced Birds do not. 


Pterosaurs continued to change throughout the Cretaceous. In the Cretaceous, we could see that you had both 
actively flying forms in the Early Cretaceous, that were incredible diverse. Those actively flying forms were doing 
things a little bit different, again, from Birds. The wing itself, because it is formed of an elongate finger with a 
membrane attached to it rather than feathers, became a bit of a problem for Pterosaurs in the sense that it 
interfered with them walking and moving on the ground. Their legs were not as well developed as what we see in 
Birds and very often had a membrane connecting the legs, and therefore, they were probably very awkward 
animals on the ground as well. 


The muscular associated with the wings was also different. Both were active flyers, but in the case of Birds, the 
musculature had all been attached to the sternum; you have a large crest or keel on the sternum for attachment of 
the muscles that are both raising the wings and lowering the wings. In the case of Pterodactyls and 
Rhamphorhynchoids, you do not have a keel, but that is because the muscles that are pulling the wings down were 
attached to the sternum, whereas the muscles that were pulling the wings up were attached to the backbone. 


Some of these differences probably worked against the success of Pterosaurs in the long-run. Certainly, we 
know that as the Cretaceous advanced, the diversity of Pterosaurs, the ones that were competing directly with 
Birds, seemed to be decreased. The one area that Pterosaurs continued to dominate, however, was the large 
forms. Because of those hollow bones that Pterosaurs have, it may have in fact given them the capability of 
reaching much larger size. Certainly, we know that by the end of the Cretaceous, the largest flying animals that 
ever existed were Pterosaurs, and they were almost double the size of the largest Birds that have ever existed. At 
the end of the Cretaceous though, large size was clearly a detriment, and like the Dinosaurs all Pterosaurs 
disappeared. 


Whatever their competitive advantages were, Birds ultimately gained mastery of the sky. This brought about 
another kind of renaissance. With the power flight, Bird evolution erupted with diversity. As you will explore in the 
next and final lesson, Birds succeeded where all other Dinosaurs failed and became one of evolution's greatest 
success stories. 
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The Avian World 
1 Understanding The Evolution Of Birds 


We now come to the final major branch of the Theropod family tree and the third major group of 
Eumaniraptora, the Avialae or Birds. In this lesson, we are going to examine the fossil record of their evolution and 
the morphology of various modern forms. Trying to pinpoint exactly where in the Eumaniraptora the Avialae come 
from is difficult. If I had to speculate I would say, based on the similarities in the tails and the feet of some early 
Birds, that they are most likely descended from a close common ancestor shared with Troodontids. However, 
others would argue that they are probably more closely related to Dromaeosaurus or to more ancient 
Eumaniraptorans that we do not yet have a good fossil record of. 


Looking at the branching pattern of the Theropod family tree at such a fine level of detail, it is also unclear 
where exactly Archaeopteryx fits. Indeed, it is possible that Archaeopteryx is not actually part of the true Avialae, 
but just very close to it. Archaeopteryx could in fact be a Troodontid or it could still very well be the first true Bird. 
Even at this early stage, the Bird branch of the Theropod tree is bushy, making it hard to see specific phylogenetic 
relationships. Moreover, as you will learn in this lesson Birds only became more and more diverse. 


Flight, it seems is a useful power to have. It gave Birds’ easy refuge from predators, and the ability to exploit 
hard to reach resources. Flight removed, basically, all geographic barriers. Even with competition from Pterosaurs, 
Bird evolution took off. In addition, Birds became the most successful of all Dinosaurs. 


True Avialae have a scapula fused to the coracoid. They also have long arms with a humerus that is longer than 
the scapula and an ulna that is longer than the femur. The tails of Avialae are short and are composed of 25 or 
fewer caudal vertebrae. The most primitive known Avialae were chicken-sized and induded the Chinese genre 
Jeholornis. Jeholornis is important, not just because of its status as an early member of the Avialae, but because it 
seems to show an early stage in the development of one of the classic Bird traits that is unrelated to flight, a beak. 


1.1 Theropod Beaks 
Do you remember which of the following Theropod groups evolved beaks? 


More than one answer might be correct, so select all the answers that you think are correct. 


A. — Scansoriopterygidae C. ~~‘ Therizinosauria 
B. —§ Spinosauridae D.  Ceratosauria 


Therizinosauria all had beaks; so too did the Ceratosaurine Limusaurus. Therefore, C and D are correct. You will 
also recall that beaks evolved in the Oviraptorosauria and the Ornithomimosauria. 


Illustration 45: Jeholornis (Reconstruction) 


As we have seen many times throughout this course, beaks often evolved in Theropods that switch to 
herbivorous or omnivorous diets. Jeholornis still has teeth but they are greatly reduced in number, and it has a 
small beak in the front of its mouth. Fossil seeds preserved inside of one Jeholornis specimen confirm that it too 
had made the switch. 
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Illustration 46: Confuciusornis, male 


Most remaining Birds belong to the Pygostylia. These Birds possess long rod-like pygostyles, which you will 
remember are fused terminal tail vertebra that support feathers. Additionally, the Pygostylia all have more sacral 
vertebrae than their more primitive avian ancestors do. Among the earliest Pygostylia was the genus 
Confuciusornis. This Bird is currently known only from the Early Cretaceous of Eastern Asia. Nevertheless, 
thousands of specimens have been excavated from the Laoining fossil beds. Confuciusornis and it is relatives are 
about the size of modern Pigeons and are completely toothless. However, the beaked but toothless jaws of the 
Confuciusornis and modern Birds are an instance of convergence. In many other groups of Cretaceous Birds that 
are more closely related to modern Birds still had teeth. 


Confuciusornis offers a good example of sexual dimorphism in the plumage of early Birds. Some Confuciusornis 
had a pair of long thin tail feathers with broadened ovoid tips, while others lacked these enhanced tail plums. 


1.2 Confuciusornis Plumage 
In today's Birds, ornamental plumage is often used by males to display and attract females. 


Based on this modern analog, what conclusion could paleontologists draw about 
Confuciusornis? 


A. The long tail feathers were present in C. The Confuciusornis with the long 
juveniles but not in adults tail feathers were males, and those without 
B. — Confuciusornis flock together in large sodal were females 
groups D. The Confudusornis without the long 


tail feathers were likely brightly colored 


The answer is C. Usually the males of a spedes are most flamboyant. Therefore, it is generally assumed that the 
long plumed Confuciusornis are males. 


The rest of the members of the Pygostylia are grouped in a clade called Ornithothoraces. In addition, that word 
means Bird chests and is a reference to the group's development of a large and keeled sternum. They evolved a 
more flexible shoulder joint and a Tarsometatarsus condition. The feet of the Ornithothoraces had a backwards 
pointing hallux, which allowed each foot to function better at grasping branches. Another key adaptation was the 
arrangement of asymmetrical feathers that extended from digit one of the hand to form a structure called the Alula. 
Moreover, the Alula is easily seen on the wings of all modern Birds, like this one. 
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This is the wing of a Pelican: and has been prepared so thiat., you can see the relationship between the 
wing feathers and the skeleton. Here is digit one, which along with these feathers forms the Alula. Notice that 
these feathers are on the leading edge of the wing. Because they attach to digit one, movement of that finger 
allows the Alula to shift and adjust independently of the rest of the wing. That is a critical advantage, because it 
lets Bird’s’ fine-tune the curvature of their wings. The Alula comes into play most frequently during the landing and 
take-off, when Birds need to generate lift the spite moving at relatively slow speeds. 


There are two main branches or Ornithothoracines, Enantiornithes and Euornithes. Enantiornithes appeared in 
the Cretaceous and became highly successful and globally distributed. Some Enantiomithes were as small as 
modern sparrows, and others were as large as eagles. All Enantiornithes still had teeth, and most had reduced 
hand claws. 


1.3 Bird Tails 

The feathers on a Bird's wings are not the only ones that help it to fly. A Bird's tail feathers are also important. 
In what way does a Bird make use of its feathery tail? 

A. A stabilizer and rudder Cc. A secondary paddle 

B. A counterweight 


The correct answer is A. In flight, Bird tails are used as stabilizers and can be adjusted like a rudder to help 
steer it through the air. 


The Euornithes also became widespread in the Cretaceous, and they marked an important change in the form of 
the avian tail. In less derived Theropods like Archaeopteryx, the long tail feathers were ranged like the frond of a 
fern, with feathers projecting laterally all along the rear quarter of the tail. Among primitive Pygostylia, the length 
of the tail is reduced, and the long tail feathers projected like a tuft from the tail tip. In the Euornithes, the 
tail feathers all project from the pygostyle in a more organized fan shape, which allow the tail to function better as 
a single unit to create lift and improve aerial maneuverability. Among the Late Cretaceous Euornithes were the first 
Birds to take a surprising evolutionary twist, the loss of flight. 


1.4 Loss Of Flight 


Why might a lineage of Birds lose the power of flight? Is it because flightlessness: 


A. Allows them to increase absolute body size Cc Improves their ability to migrate 
B. Requires less energy D. Improves their ability to avoid predators 


More than one answer might be correct so check all the answers you think are correct. 
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Flightlessness can evolve for many reasons. Increase body size is one. Flight requires a lightweight body; 
therefore, if the evolutionary benefits of large body size outweigh the benefits of flight, flightlessness can result. A 
big drawback to flight is its high-energy requirements. Therefore, A and B are both correct. Migratory ability and 
predatory avoidance are usually benefits associated with flight. 


Patagopteryx was a chicken sized Bird from South America with wings so small they could not possibly have 
been used in flight. Gargantuavis is a European Bird known from only a small collection of bones. However, those 
few bones indicate a Bird that was robustly built, and near the size of a modern Ostrich. It would have been too 
large and heavy to fly. The return of flightlessness of such Birds in the Cretaceous so soon after the development of 
avian flight should be no more surprising than the various flightless Birds of today. These grounded 
Cretaceous Birds serve as a reminder that although we have progressed through the Theropod family tree, with 
flight and the archetype of modern Birds in mind, evolution is a process without foresight or long-term goals. 
Evolution works to optimize animals for their current environment. It cannot anticipate future environmental 
changes or challenges. As long as an adaptation is beneficial in the present, it can evolve even if that adaptation 
will doom the species to extinction later. 


Advanced Euornithes are classified within the Ornithurae, which continue the trend in tail reduction. Generally, 
the tails of Ornithurae contain six or fewer free vertebrae, and the total tail length is less than the length of the 
femur. 


1.5 Tail Length Reduction 


Do you recall from the previous lessons what effect tail reduction had on Birds? 
Did the reduction result in: 


A. Increased total body mass Cc. Increased flight stability 
B. A centre of mass positioned in front of the hips p, Weaker femoral retraction musculature 
Multiple answers might be correct so check all the answers you think are correct. 


Naturally, a shorter tail weighed less than a longer one; therefore, total body mass was reduced not increased. 
Because this weight reduction took place behind the hips, it resulted in a forward shift in the centre of mass. A 
more forward centre of mass and the lack of a streaming tail reduced the stability of flying Birds. However, that 
was not a bad thing, because it granted Birds improved maneuverability. Lastly, the reduction in the tail included 
reduced femoral retraction musculature. Therefore, B and D are the correct answers. 


The Hesperornitheans were a Cretaceous group of Ornithurae that also had greatly reduced wings and most 
were flightless. However, they were not ground Birds like Patagopteryx and Gargantuavis. Instead, they were 
flightless water Birds like modern Penguins and the Galapagos cormorant. Hesperornitheans still had teeth, and to 
suit their piscivorous diets these teeth evolved into long conical form. It should be remembered that the fossil 
record of Mesozoic Birds is poor. Although some spectacular fossil quarries have yielded beautifully preserved 
specimens, they are the exceptions and not the rule. Because Birds are generally so small bodied and have such 
thinly walled bones, their skeletons are not durable, and this gives them very poor odds of ever becoming fossils. 
For instance, at some point in the Cretaceous, we do not know if it was early or late, a new group of Birds evolved, 
the Neornithes, and these include all modern Birds. Neornithes are characterized by the complete absence of teeth. 


1.6 Why Did Birds Survive? 


The mass extinction at the end of the Cretaceous and the beginning of the Cenozoic wiped out many different 
kinds of animals and plants. It ended lineages of all major Dinosaur groups, except Birds. 


Which of the following traits of Birds might have made them more resilient than 
other Dinosaurs, during the stressful period of this extinction event? Was it 
because Birds were: 

A. Well armored C. Limited in their habitat distribution 


B. Small and therefore had lower food D. Grew and reproduced slowly 
requirements 


One clear pattern of the End-Cretaceous mass extinction is that it hit big animals the hardest. During periods of 
extreme environmental stress, the low food requirements and often-faster reproductive rates of small organisms 
can be a big advantage. Therefore, the correct answer is B. 
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2 Survival Of The Neornithes 


From this point onwards, we have to say goodbye to all the Theropod groups that we have met previously and 
to all the rest of Dinosauria. At roughly 65,600,000 y ago, a giant asteroid collided with the Earth and brought on a 
series of climactic disasters that doomed the Dinosaurs, nearly. The Neornithine survived although all other 
Cretaceous Birds died out. Unfortunately, there is no good record of early Neornithines, and their fossil record 
throughout the Cretaceous is extremely spotty. Neornithines underwent a great radiation in diversity, but it is 
unclear when this radiation happened. It may have occurred in the wake of the End-Cretaceous mass extinction as 
they diversified in response to the ecological vacuum the extinction created. However, recent genetic studies of 
modern Birds have applied a new technique, called the molecular clock, to the problem. 


The concept behind a molecular clock is that mutations within the genetic code of a lineage accumulate at a 
roughly steady average rate. By comparing the genetic codes of two lineages, you can add up the number of 
genetic discrepancies to calculate how many mutations occurred, since the two lineages split from a common 
ancestor, and thereby estimate how long ago that split took place. When applied to Birds, the results indicate that 
as many as 42 major avian groups had already split before the end of the Cretaceous. 


It may be that this result is simply a misleading artifact brought about by an above average rate of genetic 
change following the extinction event. However, if it is true the Neornithines had a much greater Cretaceous 
diversity than the fossil record currently suggests, and had a much greater survival record through the end- 
cretaceous extinction than many other animal groups. 


2.1 Molecular Clock 


Based on your understanding of a molecular clock, which of the following could 
the technique not be used to estimate? 


A. Which of three related lineages first C. If two lineages split before or after an 
diverged from their shared ancestral line extinction event of known age 

B. — If aradiation of species occurred recently or D. At what point in time an ancient lineage 
in the distant past became extinct 


The answer is D; the molecular clock requires genetic data. This means it can only be applied to modern 
surviving lineages for which a good genetic sample can be taken. Ancient extinct lineages cannot be analyzed, 
because good genetic data is not preserved in the fossil record. 


Illustration 47: Rhea 


This is a rhea, a flightless Bird from South America. As you might suspect, it is a relative of the Ostrich and the 
Australian emu. Such large flightless Birds, along with others like the Cassowary and Kiwi, belong to the most 
primitive of all living Bird groups, the Palaeognathae. Most Palaeognates are primarily herbivorous, but do 
occasionally eat small Mammals and Reptiles. The Kiwi is a specialized insectivore that probes into soft soil using its 
long down turned beak. Being completely flightless, many Palaeognates have reduced wings and a keel-less 
sternum. Additionally, because they are freed from the weight restrictions of flight, palaeognates have grown 
larger. The Ostrich is the heaviest modern Bird, but the recently extinct palaeognates, Apiornus maximus, better 
known as the Elephant Bird, is thought to have been the heaviest Bird of all time, and to have weighed 12 a ton. 
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2.2 Avoiding Predation 


A Bird that cannot fly, and is as big as a modern Ostrich, is in danger of being easily spotted and hunted by 
predators. 


How do flightless Birds, like ostriches, avoid predation? 


A.  Secreting feather toxins Cc Running away 
B. Burying its head in the sand 


Ostriches and many other flightless Birds use speed to escape predators. Therefore, C is the correct answer. 


For ostriches, which live alongside big predators like lions and hyenas, flightlessness puts them in real danger. 
To avoid being eaten, they have fallen back of the old Coelurosaurian trick of high speed running. 
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Illustration 48: Foot of a modern Ostrich 


This is the foot of a modern Ostrich. You can see how long the metatarsals are. Additionally, you can see that 
an Ostrich foot has two toes and that only one of the toes has a claw. Have a look at the claw's tip. It has been 
severely worn by contact with hard ground while running. To serve as shock absorbers, the two toes have large 
fleshy pads. We know from fossil footprints that many non-avian Theropods, including Ornithomimids and 
Tyrannosaurs had toe pads similar to an Ostrich. While ostriches have a real need for speed, many of their large 
Palaeognathae relatives did not. 


Elephant Birds were inhabitants of the island of Madagascar until as recently as three centuries ago. Their fellow 
Palaeognates, the Moas once thrived on the islands of New Zealand until roughly 600 y ago with some moa species 
growing nearly as large as the elephant Birds. The first moa fossil known to science was a broken section of femur 
discovered along a riverbank. This curiosity made its way from New Zealand to Australia, and finally to England, 
where it landed on the desk of none other than Sir Richard Owen. 


Owen pondered the bone for some time. Then in 1839, he announced rather daringly to the scientific 
community that the bone was from a giant flightless Bird. Such a bizarre conjecture from a small piece of evidence 
led to serious harrumphing from the scientific community at large. Three years later, a new shipment of bones was 
sent from New Zealand to Owen. This was a full skeleton of a moa, which Owen triumphantly mounted and placed 
on public display. This was a grand victory for Owen and greatly advanced his sdentific reputation. 


Moas and elephant Birds descended independently from flight-capable, Palaeognathae ancestors. That ability to 
fly is how their ancestors got to each of the islands, which large, earthbound Mammals had been unable to reach. 
Therefore, the colonizing palaeognates found themselves on lands where the niche of large herbivore was unfilled. 
Both groups of palaeognates evolved to fill that niche, eventually growing into a diversity of large flightless species. 


2.3. Moa And Elephant Birds 


Why did Moa and elephant Birds not follow the same evolutionary path as ostriches, and develop the capacity 
for high-speed running? Is it because: 


A. _ They were herbivorous and did not need to Cc, Had perching feet and could not evolve 
run to catch their prey large foot pads 
B. Lived on islands where there were no large D. Weighed too much 


predators to chase them 
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The correct answer is B. New Zealand and Madagascar were also lands uninhabited by large mammalian 
carnivores. Therefore, Moas and elephant Birds evolved thick, stout limbs that helped to support their increasing 
body weight, but they had little evolutionary incentive to evolve long, Ostrich-like legs for running. This would 
ultimately be the downfall of both lines of great palaeognates. When humans eventually colonized Madagascar and 
New Zealand, they found the large and relatively slow Birds to be easy prey. The Moas were quickly hunted to 
extinction. 


The sister group of the Palaeognathae is the Neognathae, and these Birds are characterized by the fusion of 
their metacarpals, elongate third fingers, and 13 or fewer caudal vertebrae. The Neognathae are divided into two 
subgroups: the Galloanserae and the Neoaves. We will start with the Galloanserae, which in turn is composed of 
two major groups, the Anseriformes and the Galliformes. 


The Anseriformes includes modern Ducks, Geese, swans, and many other waterfowl. It also includes some giant 
flightless forms, which evolved not on isolated islands like moa and elephant Birds, but on major continental bodies. 
65,000,000 y ago life was in the process of recovering from the End-Cretaceous extinction. Perhaps largely because 
they were both warm blooded, Mammals and Birds, rather than Reptiles, began to fill the large herbivore and 
carnivore vacancies left by non-avian Dinosaurs. 


One group of Anseriformes was among the first to grow large. The Gastornithidae were large flightless Birds 
known from throughout Asia, Europe, and North America. Particularly large species stood 2 m tall. Like elephant 
Birds and Moas, they had relatively short legs and probably few if any natural predators. Gastornithids had thick 
large beaks, with powerful jaw muscles, but the precise ecological role of Gastornithids is debated. Their beaks only 
have a slightly down curved tip, making it unclear if they were predators or herbivores. Nevertheless, these Birds 
with their horse-size heads have been known for a long time by paleontologists, and museum displays of forms like 
Diatryma, capture the imagination of the public. Regardless, Gastornithids were never highly diverse, and they are 
thought to of lasted about 11,000,000 y. 


2.4 Ducks 


Illustration 49: Duck foot 


toes support a web of skin for paddling. This pattern of webbing is termed the palmate foot type. In many cases, 
the first toe has no webbing, and makes little or no contribution to the paddle. However, in some diving Ducks, the 
first digit, sports a fleshy lobe that provides an extra swimming boost. 


Illustration 50: Pheasant 


The feet of the second group of Galloanserae are also modified, but for the opposite purpose. The Galliformes 
include modern chickens, turkeys, peafowl, quail, and various other game Birds, like this Pheasant. 
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Primitive Galliformes have feet adapted for perching. Each foot has a long, backwards oriented and low 
positioned hallux, which helps the foot to grasp branches firmly. More derived forms have feet modified for walking 
and running, with a hallux reduced in size and positioned high on the feet. Moreover, this prevents the hallux from 
contacting the ground. Most Galliformes spend far more time foraging on the ground than they do in trees or on 
the wing. 


The wings of Galliformes are. also adapted for their mostly terrestrial habits. This is the wing of a Pheasant, and 
for comparison, here is the wing of a Goose of roughly similar body size. Notice first that the Galliformes wing is far 
shorter in absolute length and ends in a rounded edge, rather than an extended, pointed tip. This makes the wing 
much less efficient in long, sustained flights, but it makes it easier for the Galliformes to maneuver in tight spaces 
like forests. Notice too, that in side view, the Galliformes wing has a strong arch. This makes it extremely good at 
generating lift, even when moving at relatively slow speeds. It is a wing form, which is beneficial for frequent 
takeoffs and landings. This is important, because wild Galliformes still rely on flight to escape from predators. 


2.5 Galliformes Adaptations 


Think back to our previous lesson, and you will recall us discussing some of the Galliformes. We talked about 
some of them in the context of what unusual adaptation. 


Was it? 
A. Raised Raptorial claws Cc. Insect probing 
B. Insulating feathers D. Wing assisted incline running 


The correct answer is D. Many Galliformes display wing assisted incline running or WAIR. 


2.6 Neoaves 


The second group of Neognathae is the Neoaves. Recent genetic studies have divided the Neoaves into two 
groups. The first of these is Columbidae, which indudes Pigeons, Doves, sand grouses, flamingoes, and odd Birds 
like this fellow. 


Illustration 51: Grebe 


Grebes are water Birds with long necks and lance-shaped beaks for spearing fish. A Grebe does not have a 
webbed foot like a Duck. Instead, each toe is separate and has large flattened lobes that give the foot increased 
surface area for paddling. This foot for is termed lobate. Grebes are excellent swimmers and typically poor flyers. A 
few Grebes are completely flightless. Columbidae also contains one of the most famous extinct Birds, 
Raphus cucullatus, better known as the Dodo. 
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Illustration 52: Dodo 


The Dodo is famous for its comic look and its extermination at the hands of humans in 1662. This extinction 
came less than a century after its discovery. Dodos inhabited the island of Mauritius, east of Madagascar. They 
were generally thought to have been primarily fruit eaters. Dodos were probably descended from Pigeon-like 
ancestors that made their way to the isolated island and, as in previous cases, evolved flightlessness in the absence 
of terrestrial predators. 


Dodos were far less adapted for flightlessness than many of the other forms we have met. The sternum still had 
a keel for big chest muscles, and the hallux was still long and made contact with the ground. Having been in a 
predator less environment for so long, Dodo's had no intrinsic fear of humans and were easy game for sailors who 
visited the island, and later for colonists. Perhaps more importantly, human colonization introduced pigs and dogs 
onto Mauritius, and these domestic animals thought to have pillaged Dodo nests, which where built on the open 
ground. 


2.7 The Smallest Dinosaur 
Dinosaurs are famous for being big. 
Do you know what Dinosaur holds the record for being the smallest? 


A. Compsognathus C. Microraptor 
B. —§Argentinosaurus D. |The Bee Hummingbird 


The Bee Hummingbird from the Cuban archipelago is the smallest of all Dinosaurs; therefore, D is the correct 
answer. 


2.8 Passerea 


The other group of Neoaves is the Passerea. Passerea contains a huge menagerie of Bird groups that genetic 
studies have shown all descended from a shared ancestor. It is far beyond the scope of this course to try and cover 
all the modern and extinct groups within Passerea. Instead, let me introduce you to a few select lineages. 


2.8.1 Opisthocomidae 


The Opisthocomidae is a group that we could not possibly overlook in this course. It is not a very big clade; it 
only has one living species. The chicken sized Hoatzin. 
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Illustration 53: Hoazin 


The Hoatzin is an herbivorous inhabitant of South American swamps and jungles. It has an enlarged crop and 
an odorous digestive system that has earned it the unflattering nickname of 'stink Bird'. The reason the Hoatzin is 
so important to include in this course is that it has an unusual adaptation found only in its juveniles. 


Illustration 54: Juvenile Hoazin 


Young Hoatzin hatch with clawed hands. In addition, the claws the juveniles use to climb trees, until their wing 
feathers and flight muscles are fully developed. Clawed Hoatzin chicks are important when discussing Bird and flight 
origins. They offer an analog for how a small arboreal Theropod might have behaved, supporting the trees down 
theory. 


Cranes, Rails, seagulls, puffins and sandpipers all belong to yet another group of Passerea, the Cursorimorphae. 
The early evolution of this group is uncertain. Many members of the Cursorimorphae have long legs adapted for 
wading. In addition, fragmentary avian fossils from the Cretaceous indicate the presence of Birds with similar 
wading legs. However, these Cretaceous waders may belong to different lineages with their long legs simply being 
convergent. The oldest definitive Cursorimorphae fossils date back to just after the End-Cretaceous mass extinction. 


2.8.2 Cursorimorphae Feet 

Aside from long legs, many of he Cursorimorphae have feet that are adapted to life in their particular habitats. 
Which of the following traits would you expect them to share? 

A. Padded feet for running over solid ground Cc Gripping feet for clinging to rocky slopes 


B. Wide-spreading toes to support their D. Insulated feet for slogging through snow 
weight on soft, wet ground 


The correct answer is B. As inhabitants of marshes and shorelines, many of the Cursorimorphae have 
wide spreading toes. 
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2.8.2.1 Sandpipers 


Sandpipers are shore Birds that feed on invertebrates by probing through beach sand with hyper-elongated 
beaks. Despite this seemingly specialized niche, Sandpipers are highly diverse with >350 species worldwide. In 
contrast, Gulls are an extremely successful group of generalists, evolved to feed primarily on fish and beach 
carrion. Gulls developed a strong stomach that can handle food items that other Birds would consider past their 
prime or downright grotesque. In the current age of mounting human garbage, Gulls have prospered with their 
iron stomachs, and can be found frequently thriving far from their original coastal habitats. 


2.8.2.2 Puffins 


Puffins are one of my favorite Bird groups because of their all-terrain versatility. They are good flyers and adept 
swimmers. They can also walk and jump across steep, rocky terrain and can even burrow to create deep 
underground nests. Puffins feed on fish. While many other seabirds are limited to snatching, spearing or diving for 
fish that are at or near the water's surface, Puffins are able to spend extended periods under water. Puffins swim 
using their wings in a motion similar to flight. Helping them in their underwater pursuits, Puffins have evolved a 
form of camouflage known as 'counter-shading'. 


Most sea Birds, like the typical Gull, are white, and this light coloration helps to reflect sunlight and keeps 
tropical Birds cool. However, it also helps to conceal the Birds from fish in all climates. Living in deep water, fish are 
accustomed to seeing darkness below and light above. A dark colored Bird soaring overhead, would be a dead 
giveaway for a fish to dive for safety, but a light colored Bird is harder to detect when seen from below. 


The same is true for predators that swim within the water. If they are dark-colored, they will easily spotted by 
fish swimming below them. However, its prey swimming above it will easily spot an all light-colored predator 
swimming through the sea. For this reason, many aquatic creatures, like Orca and great White sharks, have light 
colored under bellies and dark colored backs. From either above or below, prey does not easily see them. Puffins 
have evolved this counter-shading and have stark white bellies and black backs. Although puffins both fly and 
swim, the demands of these two activities can be conflicting. 


2.9 Detriment To Swimming 


Which of the following flight adaptations do you think is a detriment to a Puffin's 
ability to swim through the water? 


A. The keeled sternum Cc. The sleek contour feathers 
B. The pygostyle D. The lightweight skeleton 


Puffins swim using powerful strokes of their wings. Therefore, the keeled sternum and its associated 
musculature are still useful while swimming. Similarly, while swimming the pygostyle and its supported fan of 
feathers serves, along with a Puffin's large webbed feet, as a rear rudder and stabilizer. A Puffin's contour feathers 
serve to reduce wind resistance when flying and to reduce water resistance when swimming. Therefore, all these 
flight adaptations are also assets while swimming. The lightweight skeleton is a detriment. Therefore, D is the 
correct answer. 


The lightweight skeletons of Puffins and other Birds do present a significant problem to an aquatic life. Being so 
light, the skeleton makes it easy for the Birds to float on top of the water, but it forces them to fight their own 
buoyancy when they try to dive below the surface and swim underwater. One group of Birds solved this problem by 
evolving decreased skeletal pneumaticity and more thickly walled bones. In so doing, they abandoned flight 
altogether. They were also among the oldest living lineage of Birds: the Penguins. 


2.9.1 Aquaornithes 


Penguins thought to have originated in the Late Cretaceous, although, the oldest good fossil skeletons, from 
quarries in New Zealand, date from just after the mass extinction. Early Penguins still had the ability to fly, but 
shortly lost it in the Paleocene. During much of the early part of the Cenozoic, Penguins took advantage of their 
recent disregard for aeronautic weight restrictions and some grew to great size, reaching over 1.5 m in height, in 
the largest species. These giant Penguins became extinct shortly after the evolution of the toothed whales, one of 
their primary predators. 
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Modern Penguins are the most adept swimmers of all Birds. They have evolved a number of aquatic adaptations 
besides increased bone density. Penguins have lost their primary and secondary feathers. The Alula is lost, and the 
wing bones flattened forming an overall wing shape as more like a fleshy flipper. All the joints in the arm are rigid 
and it is only mobility comes from the shoulder. Shoulder strength is still vital, therefore, the sternum has remained 
well developed and with a deep keel. Their legs are reduced in length and to let their feet serve well as rudders and 
not disrupt their torpedo shape, are angled further back on their bodies. This is the cause for their upright stance. 
Penguins belong to a larger group of water Birds called the Aquaornithes. This clade also includes Loons, Storks, 
and Pelicans. 


2.9.1.1 Gular Pouches 
Pelicans are famous for their gular pouches, which are the sacks of skin on the underside of their lower jaws. 
Do you know what the function of these pouches is? 


A. _ Storing food Cc. Holding shark-repellant 
B. Scooping fish underwater D. — Transporting their young 


Although it is commonly said that Pelicans store food in their pouches, the pouches actually function to help 
capture fish. The correct answer is B. 


Pelicans are large soaring Birds with distinctive bills equipped with a hook tip for snagging large fish. Moreover, 
an expandable throat pouch on the underside of the lower jaw, that is used like a net when plunge feeding for 
smaller fish. Pelicans are good swimmers and have an unusual webbing pattern in their feet. As in many swimming 
Birds, webbing connects the second, third, and fourth digits. However, in Pelicans, the hallux is rotated to the side. 
The webbing also extends between it and digit two. This foot form is termed totipalmate. 


Modern Loons are long bodied divers that spend the majority of their lives in the water coming ashore only to 
breathe. A Loon's beak is long, spear shaped, and its tongue has spines used to hold onto struggling fish. Unlike 
their Penguin relatives, Loons are strictly foot propelled swimmers and keep their wings tucked next to their bodies 
when diving. 


2.9.1.2 Loon Feet 
Have a dose look at a Loon’s foot. 


Illustration 55: Loon foot 


What is this foot type? 


A. Palmate C. Lobate 
B. — Totipalmate D. _ Raptorial 


The correct answer is A, palmate. Loons have webfeet with the webbing extending between only digits two, 
three and four. Totipalmate is the foot type we just observed in Pelicans in which all four digits are webbed. 
Lobate, you will recall, is the foot type that we saw in the Grebe with each toe bearing separate, large, flat lobes. 
Raptorial is a foot type that we have not yet encountered, but that brings us to our next group. 


2.9.2 Accipitriformes 


The Accipitriformes includes modern Hawks, Eagles, and some forms of Vultures. These Birds are characterized 
by strongly hooked beaks, used to tear flesh, and by Raptorial feet, which have large, curved talons. Most Hawks 
and Eagles kill using their talons after a rapid dive from the air. They employ their beaks in the butchering of 
carcasses. 
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2.9.2.1 Vulture Senses 
To locate scavengable food, vultures rely on their excellent vision. They also rely on the power of another sense. 


What other sense do you think Vultures use to help find carrion? 


A. Hearing Cc, Echolocation 
B. Smell D. Balance 


If you are looking for dead meat, smell is a good guide. The answer is B. Vultures have one of the most acute 
senses of smell in the entire animal kingdom. 


As we discussed earlier, most Birds rely heavily on their sense of sight, therefore, nocturnal species are 
extremely rare. Owls, which comprise the clade Strigiformes, break this general rule. Owls are master 
night assassins. They have extraordinary hearing and with one ear positioned lower than the other, they can hear 
with depth perception and can pinpoint the 3D-position of prey from just a rustle. However, they are still largely 
vision based hunters and navigators. 


Illustration 56: Owl skull 


This is the skull of an Owl; you can see that the orbits dominate the skull. Owls need such huge eyes in order to 
take in enough light to see at night. Like the Accipitriformes, Strigiformes have hooked beaks and Raptorial feet. 
However, Owls have made a special foot modification. Most of the other Birds we have met have anisodactyl feet. 
That is their hallux points backward, while digits two, three, and four point forwards. Owls have zygodactyl feet, 
which means that digits two and three point forwards, but both digits one and four point backwards, and this foot 
arrangement makes Owls more awkward on the ground but gives their feet greater gripping strength. For Owls, 
this makes their talon-feet truly dangerous, almost inescapable weapons. However, it also translates to greater 
strength when it comes to perching, which is why the zygodactyl feet also show up in the next group we are going 
to discuss. 


2.9.2.2 Woodpecker Food 
Woodpeckers use their chisel-like beaks to tap into hollow chambers in tree trunks. 
Do you know what Woodpeckers are typically looking to find? 
A. Boring insects Cc. Budding fruit 
B. Water reserves D. — Edible sawdust 


Woodpeckers are typically on the hunt for grubs and other boring insects; therefore, A is correct. Many 
Woodpeckers also chisel into trees to expose tasty sap. 


2.9.3 Piciformes 


The Piciformes is a group of Birds that indudes modern Woodpeckers and a few oddballs like Toucans and 
Puff-Birds. Woodpeckers and other Piciformes use their zygodactyl feet to cling to trees in positions that would 
challenge other Birds. For Woodpeckers, this means being able to cling vertically to the trunks of large trees while 
using their chisel-like beaks to excavate boring insects. Many Piciformes also have another adaptation to help with 
this perching. Their tail feathers are extremely stiff and bristly allowing them to be used as a brace against 
tree trunks. 
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All the remaining Birds that we will discuss belong to a single clade, the Australaves. This clade has only been 
recognized recently, because the various Bird subgroups that comprise it, including Falcons, Parrots, and SongBirds, 
do not appear to have much in common. Nevertheless, genetic studies have confirmed that these Birds do share an 
exclusive common ancestor with each other, and are therefore united in a shared evolutionary history. 


2.9.4 Cariamiformes 


The first of the Australaves subgroups is the Cariamiformes. They are of special interest to us because they have 
come close to doing what Science Fiction writers have only imagined: Resurrecting the Theropod super-predators. 
Today, the only living Cariamiformes are the Seriemas of South America. Seriemas are Pheasant-sized ground Birds 
with limited flight abilities, long legs and reduced wings. They are fast runners, and when threatened, prefer to flee 
on foot rather than take wing. They are primarily carnivorous, and frequently kill small lizards and Mammals. 


2.9.4.1 Seriemas Adaptations 


We have actually discussed Seriemas previously in this course, because they have a special adaptation that is 
similar to that of one non-avian Dinosaur lineage. 


Do you remember what that was? 


A. —Anenlarged foot claw like c A boney head crest like Oviraptosaurs 
Deinonychosaurs D. An elongated finger like 
B. An Arctometatarsus like Tyrannosaurs Scansoriopterygians 


The correct answer is A. 


Illustration 57: Seriemas foot with claw 


The Seriemas have an enlarged claw on the second toe similar to that of Deinonychosaurs, although their claw 
is not carried in a strongly-raised position, and is generally used to disembowel prey that has already been killed 
with their beak. 


2.9.5 Phorusrhacidae 


Illustration 58: Brontornis (Terror Bird) 


When I said the Cariamiformes had come close to resurrecting the Theropods' super predators, I was not 
referring to the Seriemas and their Deinonychosaur-esque claws. The Cariamiformes also indudes an extinct group 
of large, flightless Birds called the Phorusrhaddae, commonly known as the ‘terror Birds'. Phorusrhacidaes first 
evolved in South America, roughly 62,000,000 y ago, not long after the End-Cretaceous mass extinction. They only 
became extinct, roughly 2,000,000 y ago. 
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Illustration 59: Phorusrhacus skull 


This is the skull of one of the later and larger forms, Phorusrhacus. The skull of Phorusrhacids has the 
characteristic hooked beaks of predatory Birds. Look closely at the sides of the beak and you can see that the 
upper and lower jaws slide past each other like a pair of scissors. This gives the beak a slicing bite. From the head 
down, Phorusrhacids were typical of flightless Birds. Most had much longer and more slender legs than Moas or 
Elephant Birds, indicating that they were fleet-footed. Phorusrhacus is a large terror Bird, standing 2.5 m tall, but it 
is far from the largest. Brontornis stood nearly 3 m tall and was far more massively built. It had a skull twice as 
long as this one and an estimated weight of nearly 400 kg. 


In South America, Phorusrhacus dominated the niche of large carnivores throughout most of the Cenozoic. They 
hunted large herbivorous Mammals and co-existed with several leopard-sized marsupial predators. During this time, 
South America was an isolated continent and being flightless, the terror Birds could not spread elsewhere. When 
the Isthmus of Panama formed roughly 3,000,000 y ago, animals from North- and South America began to 
intermix. The netresult was the large-scale extinction of many native South American species, and their 
replacement by invasive North American species. Phorusrhacus were one of the few members of the 
South American fauna to cross Panama, and invade Southern North America. However, perhaps due to competition 
with saber-tooth cats or other advanced mammalian carnivores, or possibly, because their custom prey species 
were dying out, they too became extinct. 


2.9.6 Falconidae 


Our next avian group is another line of predators and it may surprise you. The Falconidae consists of the 
Falcons. With their hooked beaks and Raptorial claws, Falcons have long been assumed close relatives of Hawks 
and Eagles, which belong to the Accipitriformes, but genetic studies have proven that this is not the case. Few 
morphological traits can be used to tell Falconidae apart. 


Illustration 60: 'Falcon tear' 


For one, their feathered coats have a characteristic black streak just below each eye. This is often called a 
‘falcon tear’. The dark colors are thought to function like the eye black, worn by athletes to reduce reflected glare. 
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Illustration 61: 'Falcon tooth' 


Additionally, the beaks of many falcons have a process called a ‘falcon tooth’, and this allows the falcon to sever 
the neck of prey that is held captive but not yet killed by the gripping talons. Though not closely related to the 
Accipitriformes, Falconidae are close kin to another group of hook beaked Birds; the Psittaciformes or Parrots. 


2.9.77 Psittaciformes 


Psittaciformes are rarely carnivorous, and use their hook beaks to rip the flesh of fruits and the hard shells of 
nuts. To help them climb trees and pick fruits, Psittaciformes have a zygodactyl foot. Many Psittaciformes are highly 
social and intelligent. Parrots are famous for their ability to mimic sounds in human speech. In some Parrot species, 
this ability goes so far as actual word object association, simple sentence construction, and even the creation of 
new words to identifying novel objects. These fundamental language skills are impressive. So, too, are the 
mathematical abilities of parrots. Some are capable of basic addition and subtraction. Relative to their body size, 
the brains of parrots are as large as of some higher primates. 


2.9.8 Passeriformes 


Finally, we have come to our last avian group, the Passeriformes, better known as the Songbirds. This is the 
largest of all living Bird groups. The living species of Passeriformes out number the living species of all other 
Bird groups combined. That does not mean that the Passeriformes have an exceptionally diverse appearance. In 
fact, many species look fairly similar to one another in overall form. The Passeriformes originated, and began to 
diversify in the Southern hemisphere. The earliest fossils of Passeriformes are from Australia, and date to roughly 
55,000,000 y ago. Passeriformes are generally small, and feed on insects and seeds, which are rich and abundant 
food resources. 


2.10 Dominant Land Animals 
There is one continent where the dominant large land animals are still Dinosaurs. 
Which one is it? 


A. Australia (on South America 
B. Africa D. Antarctica 
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The answer is D. Antarctica is the kingdom of Penguins, and that makes it a land still ruled by Theropod 
Dinosaurs. 


We are in fact, still living in the age of Dinosaurs and that is because Dinosaurs gave rise to Birds. Birds are 
technically living Dinosaurs and they are classified as part of the Dinosauria. There are over 10,000 living species of 
Dinosaurs and they outnumber living species of Mammals, and they outnumber living species of Reptiles and 
Amphibians. Places like Antarctica, which are ruled by Penguins, are technically, still continents ruled by Dinosaurs. 
Unfortunately, Dinosaurs are facing another mass extinction right now, and that is a mass extinction that is induced 
by our own species. 


Looking back from the branch of modern Birds, our trek through the Theropod family tree has been far from a 
straight and simple path. We have seen the rise and fall of apex predators like Saurophaganax and Tyrannosaurus. 
We have seen the evolution of fish eaters, insect diggers, and swift running vegetarians. We have seen how 
feathers develop, and beaks have replaced toothy jaws, not all at once, but gradually, and in stages. That 
Penguins, Ducks, and Canaries are all descended from the same lineage as the mightiest beast in our planet's 
history is a strange fact, but you have now seen enough of the evidence to understand that it is true. For 
>160,000,000 y Theropods ruled the planet. Today, their ecological roles have changed, but they are still going 
strong. The scientific fact is if you want to see a Dinosaur, you do not need to look any further than your backyard 
Bird feeder. On behalf of the University of Alberta and the entire Palaeo team, thanks for joining us. 
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